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Background Discussion of Model Input Data
and Potential Refinements

Abstract

Air quality modeling protocols explain models ofoite, describe model inputs and describe
tabulation of modeled concentrations when usingnbeels to assess probable air quality — in
this case over Clean Air Act (CAA) Prevention ofjSificant Deterioration (PSD) Class |
areas. Four sulfur dioxide (SO2) modeling protedololving the CALMET and CALPUFF
models were used and reported in 2002 and 200®-b¥wthe North Dakota Department of
Health' on behalf of the State of North Dakota and twdR&gion 8 of the U.S.

Environmental Protection Agency (EPA).

Public hearings were held in May 2002 and June 200f&gal and technical aspects of the
department’s 2002 and 2003 modeling protocols.imuthese hearings, another protocol was
advocated by ENSR Corporation on behalf of Basettic Power Cooperative. These
protocols, EPA’s draft modeling reports, and ot&ehnibits in the hearings’ docket were
reviewed.

Some elements of the State’s 2003 protocol have meproved in an alternataodeling
protocol. This protocol represents one step ino&gss for resolving differences between
State and EPA Region 8 modeling protocols. Thegss was established through a State and
EPA Memorandum of Understanding (MOU) dated Felyr24r, 20043 The alternate

modeling protocol was verbally approved by EPA qriA28, 2004. This document
supplements reports describing the alternate pobtad results of execution of this protocol
with descriptions of improvements to the State’®2@rotocol, and it presents a few
recommended refinements for a future protocol.

1 Exhibit 81 from the department’s June 2003 hearivitich is titled “Calpuff Analysis of Current PSD
Class | Increment Consumption in North Dakota aadt&n Montana Using Actual Annual Average
SO2 Emission Rates.”

2 Exhibit 84 from the department’s June 2003 hearivitich is titled “Dispersion Modeling Analysis of
PSD Class I Increment Consumption in North Dakoi Bastern Montana.”

® The MOU is Tab "A” of North Dakota’s SO2 PSD Air @lity Modeling Report.
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1. Background and reasons for this paper

CALMET and CALPUFF are EPA approved computer caties are executed in tandem.
User’s are required to provide a variety of inpatadthat are used by the models. These inputs
include values for user computational control Vvialea, weather and precipitation data,
geophysical data and source emissions data. SAOMET output data, such as space and
time interpolated wind fields for points on a Caréa grid, are required by CALPUFF. The
scale of the grid domain is 640 kilometers wesdest and 460 kilometers south to north over
eastern Montana and western North Dakbt&@ ALPUFF output includes concentrations in
math units of micrograms per cubic meter (ug/m3)sar specified ground level receptors
within the grid.

A modeling protocol identifies and explains useogdn computational control input data,
weather and precipitation data, geophysical datbsanrce location and emissions data. The
protocol also explains the methods for tabulatibmodeled concentrations for assessment of
compliance with Clean Air Act (CAA) health standst@ahd CAA PSD increments.

The purpose of this document is to describe enhmants to the State’'s 2003 modeling
protocol when constructing the MOU alternate maagrotocol. Year 2003 State and EPA
Region 8 protocols are revisions of respective Y882 protocols subsequent to the
department’s 2002 hearing process and EPA’s 2082uroent public comment period.
Settings and values for CALMET and CALPUFF inputiables, as well as other data, are
provided in the 2003 protocols.

One objective for the MOU alternate modeling protabereafter MOU protocol) is to
achieve State and EPA concurrence on all aspeetsmafdeling protocof. The department
prepared initial and revised drafts of the MOU puoatl for EPA review. EPA provided
comment on the sequential drafts of the MOU protdecoing March and April 2004. The
final MOU protocol adopted all EPA comment on thdsafts, and EPA verbally approved it
on April 28, 2004°

Another objective for review of the 2003 protocsdo assure that modeling inputs, as well as
modeling technique, are anchored to the CAA, P3B, interpretive regulation, and science.

* The geographic location of the modeling domairhisven in figure 2-1 of Exhibit 81.

> During MOU or MOU protocol negotiations, EPA didtrasfer criteria by which it would deem a
modeling protocol as acceptable. EPA’s report “Gmants on NDDOH’s Proposed Determination
Regarding the Adequacy of the SIP to Protect P®ements for Sulfur Dioxide,” which is Exhibit 57
from the department’s May 2002 hearing docket, EP2002 and 2003 draft modeling reports and EPA
correspondence were reviewed.

® The MOU protocol is Tab “B” of North Dakota’s SOBP Air Quality Modeling Report. The MOU
protocol consists of two documents: “A proposedralitive air quality modeling protocol to examihe t
status of attainment of PSD Class | increments’tivlis dated April 30, 2004, and “Revisions togmg
39 and 40 in the proposed alternative air qualibdeling protocol dated April 30, 2004,” which isteld
May 7, 2004.
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Furthermore, some values or settings for modelrobfiite variables as used in the State’s
2003 protocol were changed for the MOU protocoasdo optimize harmony among input
data and functions of the variables in the two ni&de

In addition, some sulfur dioxide emission ratesenienproved. New model inputs include
enhanced RUC2 datfas well as National Weather Service (NWS) metegichl data and
ozone data for 2001 and 2002. So, modeled corat@ris using the MOU protocol will not
duplicate results of State or EPA Region 8 2003quals.

Lastly, the department has used air quality modetssulfur dioxide emissions data to
estimate ambient sulfur dioxide concentrationslweddore Roosevelt National Park (TRNP)
and the Lostwood Wilderness Area since 197Advances in models and in inventories of
emitted sulfur dioxide occurred periodically duritige intervening years. For example, the
first use of a time dependant mesoscale model oceduin 1981-1982, and the first sulfur
dioxide emissions inventory of oil field flares atdaters was completed in 1987. The
protocol improvements and first time uses of baftga that have occurred since 1999 are
listed for 2002, 2003 and 2004 below.

A. Year 2002

(1) modeled sulfur dioxide actual emissions (asraefiby rule) rather
than permit allowable emissions

(2) completed current and PSD baseline sulfur diex@missions
inventories for flares and treaters in the oil ayab production
fields of western North Dakota

(3) modeled inventories of current and PSD basaliwventories of
sulfur dioxide emissions rather than incrementaffe emissions,
which capture source by source increases or dezs@asmissions
between the two time lines

B. Year 2003
1) installed prognostic Meteorological Model (MMp®ather data for

1990 and 1992 for advecting the emitted sulfur aiexfrom
sources

’ “RUC Analysis-based CALMET Meteorological Data tbe State of North Dakota,” dated August 24,
2004, by WindLogics, Inc., St. Paul MN. This doamhis also Tab “D” of North Dakota’s SO2 PSD
Air Quality Modeling Report.

8 Exhibits 11, 24 and 25 from the department’'s Mag2Bearing. See also figures 2 and 3 in Exhibit 82
from the department’s June 2003 hearing; thesgdigdescribe the historically evolving approachde
of emission rates in air quality modeling.

° Exhibits 22 and 23 from the department’'s May 208arg.
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(2) completed assimilation of 2000 hourly ozone dakaurly
precipitation data, NWS hourly surface and NWS &ndaily upper
air (rawinsonde) observational data

(3) improved model receptor networks in PSD Claaehs
C. Year 2004

1) installed enhanced RUC2 data for 2000, 2001 a6@2 for
advecting the emitted sulfur dioxide from sources

(2) completed assimilation of 2001 and 2002 hourtpree, hourly
precipitation data, NWS hourly surface data and NWiSe daily
upper air observational data

(3) improved inventory of emitted sulfur dioxide BSD baseline
(around 1977)

(4) completed model accuracy performance testingetarh year of
model input meteorological data using sulfur di@@anission rates
as actual emissions and as hourly CEM emissiomvigusly, such
testing used one year of hourly CEM emissions witiresponding
meteorology)

(5) used an alternate paired in space only methddcfwapplies a
baseline concentration as defined by rule) — intaxdto EPA’s
paired in space and time method — for calculatifigp@r and 24-
hour deterioration of modeled sulfur dioxide cortcations
between PSD baseline and current time lines

In 2005, technically upgraded versions of the CALMd&nd CALPUFF models will be
implemented. These versions may change modelgisetisulfur dioxide concentrations.
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2. Background to improved inputs in the alternai@ocol

The State & EPA MOU acknowledges State discretioapplication of several technical
aspects of a modeling protocol under the MOU’s swbp It also includes a provision for an
EPA review for comment on department drafts ofalernate protocol under subpart I11.

A. Subparts | and Il of the MOU includes severaldeand technical issues, such
as:

(1) the efficacy of the enhanced RUC2 data in aaliggimodeling,

(2) baseline sulfur dioxide emission factors forcélieity generating plants,

(3) baseline source normal operations and coal satfntent,

(4) source sulfur dioxide emission rates, and

(5) methods for calculating baseline to current toheéerioration of sulfur
dioxide, including the modeling of an emission intary for current
time and another for PSD baseline and applicatidhe“baseline
concentration.”

B. Subpart | of the MOU did not include all techritssues of concern to EPA.
Additional issues that arose during EPA’s revievdifts of the MOU protocol
are:

1) the purpose or role of model sensitivity tests,

(2) the magnitude of the background concentratioraézuracy tests of
model predicted sulfur dioxide concentrations,

(3) changes, if any, from baseline to current timexide constituents of
coal and ash as a basis for adjusting sulfur deighission factors, and

(4) inclusion of perimeter receptors for model reocemetworks in some
PSD Class | areas.

C. The MOU and the MOU protocol are continuing elédsy the department to
resolve outstanding modeling, monitoring and legalies with EPA as directed
by the State Health Officet?

D. Initially, the input values or settings of CALMEAnd CALPUFF control-file
variables were tabulated as a side by side compafiem department and EPA

10 Section 10.0 of the September 8, 2003, Order oftNDakota State Health Officer Terry L. Dwelle.
This order is Tab “E” of North Dakota's SO2 PSD &iuality Modeling Report.
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Region 8 modeling results reports.Subsequently, transcripts of the
department’s hearings in 2002 and 2003 and exhibiise docket for the two
hearings were examined, as well as user’s guidethéoCALMET and
CALPUFF models? and portions of the model executable codes.

E. Respective State and EPA Region 8 2003 prot@uptied deviations from
IWAQM recommended input values or settings for sanoelel control-file
variables. IWAQM'’s recommendations are not apfdiean all instances, as
noted by the Region in its 2002 and 2003 draft rept

F. In 2001-2002, EPA Region 8 followed the Stateldier modeling in 199¢*
and used the same settings or values for most CALKi CALPUFF input
variables; but its 2003 modeling did not use ttee3s 2003 settings or values
for variables such as DGRIDKM, NZ, TERRAD, R1, RHAVEG.

G. Year 2003 protocols did not explain the reasonsdme chosen values or
settings of model input variables; for examplduea for CALMET input
variable ZFACE and CALPUFF input variables XLAT alkEG. (See
sections 4 and 5.)

H. Some values and settings in 2003 protocols arepiimum choices, such as
the x:y coordinates of emission units within indigtplants, the initial

1 Complete lists of CALMET and CALPUFF control-fileput variables are provided in Appendices A
and B, respectively, of the Interagency WorkgronpAir Quality Modeling (IWAQM) “Phase 2
Summary Report and Recommendations for ModelingglRange Transport Impacts.” The IWNAQM
report is Exhibit 29 in the docket for the depamiteMay 2002 hearing.

In addition, users guides and executable codethéze models should be consulted, as some
changes or updates to the codes have occurredZi¢e

12 «A User's Guide for the CALMET Meteorological ModéNersion 5, by Earth Tech, Inc., Concord
MA, dated January 2000.

“A User’s Guide for the CALPUFF Dispersion ModeV/ersion 5, by Earth Tech, Inc., Concord
MA, dated January 2000.

13 For example, “Had the IWAQM defaults been usedhin $tate’s limited performance evaluation, it
appears that model performance would have beemdedy with the model exhibiting a bias toward
overprediction.” Page 15 of Exhibit 84 from thgpdement’s June 2003 hearing.

14 Draft “Calpuff Class | Area Analysis for Milton Rloung Generating Station,” by the North
Department of Health and dated May 24, 1999. @ha$t Calpuff analysis was never finalized as
illustrated by the two letters below.

Q) Letter by Francis J. Schwindt, Chief, Environitaiilealth Section, State Department of Health,
dated Mar 13, 2001, to Richard R. Long, Directds, EPA, Region 8, summarizing a meeting with US
EPA, Region 8, held on January 10, 2001.

(2) Letter by Richard R. Long, Director, Air and Ratebn Program, US EPA, Region 8, dated Mar
28, 2001, to Francis J. Schwindt, Chief, EnvirontakHealth Section, State Department of Health,
summarizing EPA’s view, etc., of the meeting hetddJanuary 10, 2001.
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horizontal plume widths at stack tops (variable Y1), the reference
latitude for the center of the source-receptor dorfariable XLAT), and the
boundaries of the CALPUFF computational domaineg(Section 6.)

Furthermore, the State and EPA Region 8 did setthe same meteorological
data with their respective 2003 protocols. Theadpent used six years of
NWS observational data, and EPA Region 8 usedyfdars. The department
also used 1990 MM4 and 1992 MM5 prognostic dateomunction with NWS
observational data> EPA used 1994 MM5 data, as well as the 1990 Mkt a
1992 MM5 data® And, the values for CALMET input variables IEXTRiRe.,
—4), R1 and R2 were the same whether using only NWé&rvational data or
using MM prognostic data in conjunction with NWSsebvational data; no
written explanations were given. (See sectionsB7al.)

J. EPA Region 8 compared modeled sulfur dioxide eatrations when using
NWS observational weather data with and without ldiMgnostic weather
data.'” It concluded “. . . it is evident there was vétile change in overall
concentrations between the two results.” “. e. ¢lerall change was
insignificant.”*® EPA did not explain this outcome in the conteixdifferences
in the spatial and temporal resolution of the NVSeyvations and of the MM5
prognostic data. For example, the NWS upper awifisonde) data are
available only every twelfth hour; these data@tined only at Bismarck and
Glasgow within the modeling domain. The averageagice between NWS
surface weather stations, which measure hourlyasarimeteorological data,
within the modeling domain is 135 kilometet%.(See sections 3 and 7.1.)

15 Section 2.2.4 in Exhibit 81 from the departmentiae) 2003 hearing. The MM4 and MM5 data sets
were provided by Tim Allen, F&WS, Denver, CO; tthepartment has no documentation for these data
sets. The MM5 data set is in the MM4 format suédbr ingest by CALMET. Thus, CALMET variable
IPROG is set to 4 for both sets.

“MM4 is . .. old and outdated . . . and is no lengupported by its developers.” (Supplemental
Written Testimony of Walter A. Lyons, which is TdD” in Volume 5 of Exhibit 95 from the
department’s June 2003 hearing. Page 12.)

16 page 7 in Exhibit 84 from the department’s June32@€aring.
7 Section 2.1.3 in Exhibit 84 from the departmentiag) 2003 hearing.
18 1d. No criteria were provided so as to ascertdienvdifferences would be significant.

19 For example, figure 2-2 in Exhibit 81 from the depeent’s June 2003 hearing or page 9 in the MOU
protocol.
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K. One witness at the May 2002 hearing stated tbatichentation of model
sensitivity and diagnostic tests conducted by #yeadtment was incomplet®.
This witness also stated that calibration of modglsensitivity testing with
monitoring data should be avoideéd.Although empirical validation allows
adjustments through reassessment and confirmatiorodel outputs with
observations?? results of most tests, although useful, were sietesfor the
MOU protocol, except results for CALPUFF input \arie MDISP 2 (See
sections 8 and 9.)

L. No hearing comments were given on the departreed&LMET code
modification regarding application of values foetBIAS variable?* However,
EPA Region 8's 2002 draft report describes the coo@ification by the
department and indicates that the modificatiorchhically sound, but it did
not use the modification in its modelirfg.

M. The State and EPA Region 8 used different ratesrotted sulfur dioxide with
their respective 2003 protocols. The State useahhemissions as defined by
rule (total annual emissions during operating hpuhe Region used the 90
percentile of hourly CEM rates as a peak rate fajomsources (except those
sources retired after PSD baselirfé)The different rates contributed to
significant differences in modeled sulfur dioxideterioration. (See sections 6,
7.2 and 7.3.)

N. Finally, EPA Region 8 did not include a model aexy performance analysis
of its model inputs with its 2002 and 2003 protecdl Its 2002 draft report

20 Testimony by Richard Londergan, Earth Tech Inonérd, MA. Transcript of Hearing held May 6,
7 & 8, 2002, Vol. lll, page 557.

2L 1d., page 562. Nevertheless, sensitivity testivag tompares modeled to modeled concentrations as
inputs to models are varied is useful. For exampledeled sulfur dioxide concentrations linearly
(almost) increase or decrease with an increase@edse in a source’s emissions.

22 North Dakota’s SO2 PSD Air Quality Modeling Repaection 3.4.

% No change has been made to input values for varMBIISP as set in the State’s 2003 protocol.
EPA Region 8 used the same input value for MDISFEp@ibit 8 from the department’'s May 2002
hearing docket (EPA’s draft 2002 report), pagealtts] Exhibit 84 (EPA’s draft 2003 report), page 17.

24 Section 2.4 in Exhibit 81 from the department’'s€)@003 hearing.

% Section 2.1.2 in Exhibit 8 from the department’sy\#02 hearing.

% gection 3.1 in Exhibit 84 from the department’'s€)@003 hearing.

27 EPA Region 8 could not complete an accuracy pedioga analysis, as recommended by EPA’s
guideline at Section 10.1.3 of Appendix W attacteed0 CFR Part 51, because it modeled an inventory
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included a description of the State’s 2002 accupmyormance test? this test
included hourly CEM sulfur dioxide emission rates major sources rather
than the Region’s 90percentile rates among other differences in ingtit§See
section 9.)

of increment affecting emissions rather than inggas of current and PSD baseline emissions.
% Section 2.2.2 in Exhibit 8 from the department’sy\2802 hearing.

% The base time step for the CALMET and CALPUFF msdebne hour. CEM stack monitoring of
sulfur dioxide emission rates at power plants andesgas processing plants began about 1996. Hourly
CEM sulfur dioxide emission rates for a source faoyn hour to hour as input to CALPUFF. Actual
emission rates (annual total emitted sulfur dioxddeing operating hours as defined by rule) anfti 90
percentiles of hourly CEM rates, being constamspak vary from hour to hour as input to CALPUFF.

Hourly CEM rates for a source are larger than @ieg@rcentile rate for that source 10 % of the
hours throughout the year; but sums of those Cékrfor all sources for each hour exceed the sum o
respective sources 9@ercentile rates only 1.5% of the hours throughbetyear. The sums of CEM
emission rates for all sources for each hour extieedum of the respective source actual emissitas r
about 26 % of the hours throughout the year. Sdwbit 33 from the department’s May 2002 hearing.)

The numbers (26% and 1.5%) do not express thefiskceeding a PSD increment, because the
power plants are not co-located and because wiridsjuently carry pollutants westward from the powe
plants. (See 900 millibar wind rose on page 2th@report at Tab “B” of North Dakota’s SO2 Air
Quality Modeling Report and also Appendix B in teeort at Tab “C".)
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3. Unigue aspects of the enhanced R¥@2ather data

Modeling, which used the enhanced RUC2 data, wasgdresented by ENSR Corporation on
behalf of Basin Electric Power Cooperative durihg tiepartment’s May 2002 hearidy.
Additional modeling with the data was presente@&®A Region 8 and the State by ENSR in
March of 2003? and at the department’s June 2003 heafihg.

A. The enhanced RUC2 analytical weather data aeyiaative of NOAA’s Rapid
Update Cycle version 2 (RUC-2) hourly prognostitadaThe RUC-2 model
provides data having a 40 kilometer horizontal hason over each of 40 layers
in the vertical dimension. The data are availdbieyears 2000, 2001 and 2002.
WindLogics, Inc., adapted the ARPS Data Assimilat8ystem (ADAS) to
assimilate hourly surface weather data and tedata with the RUC-2 data and
to extrapolate these data to a 10 kilometer hotaaesolution in a format
compatible with the MM5 data ingest capability okKIOMET. 3

B. When modeling on the mesoscale, “[i]t is critibalget the meteorology right in
order to assure that the model’s puffs actuallyngiie right direction
throughout their lifetime.®® The enhanced RUC2 analytical data have features
more advanced than the prognostic data providetiddyPSU-NCAR MM5

% The descriptor “enhanced RUC2" appears as “RUCR@5¢RUC?2” in other department reports.
31 Exhibits 41 and 58 from the department’s May 208aring.

32 “Revised CALPUFF Analysis with Year 2000 MM5 Metetogical Data: PSD Increment
Consumption in Class | Areas in North Dakota anst&a Montana,” dated March 2003 by ENSR
Corporation. This document is also Tab “B” of Vimle 3, Exhibit 95, from the department’s June 2003
hearing.

EPA Region 8 provided initial reactions (commemts letter by Richard R. Long, Director, Air
and Radiation Program, dated May 14, 2003, to T@iGfair, North Dakota Department of Health. This
letter is Tab “A” in Volume 6 of Exhibit 95 from ¢éhdepartment’s June 2003 hearing. In this |etber,
Region claims that differences in sulfur dioxideigsion rates, rather than meteorological datathere
reasons for the differences in the modeled conagoirs of the Region and ENSR.

3 Exhibits 73 and 95 from the department’s June 28&8ing.

34 “RUC Analysis-based CALMET Meteorological Data tbe State of North Dakota,” dated August
24, 2004, by WindLogics, Inc., St. Paul MN. Pé&ge

% Supplemental Written Testimony of Walter A. Lyomgyich is Tab “D” in Volume 5 of Exhibit 95
from the department’s June 2003 hearing. Page 9.

When using the enhanced RUC2 data, CALPUFF didcguefs so as to often coincide with
daily timing of observed concentrations at moniigrsites. (See Tab “C” of North Dakota’s SO2 PSD
Air Quality Modeling Report, section 4.1.)
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prognostic meteorological dafd. (See also section 7.1.) The technical
advantages of the enhanced RUC2 dasae:

(2) The RUC2 model applies Four Dimensional DatairAgation (FDDA)
each hour, which controls and reduces error prapagaMM5 data is
typically available at 3 or 6 hour intervals; ahé MM5 model is
nudged back to observations at similar intervals.

(2) The RUC2 model assimilates a variety of weattega from multiple
sources, including hourly NWS surface observatiemg every twelfth
hour upper air observations from NWS weather statio

(3) The interpolation of RUC2 data from the 40 kileter grid to the 10
kilometer grid uses the Bratseth method while rechicing missed
NWS surface observations with the ADAS softwaréAL®IET
completes the interpolation to the scale of itsenatlogical grid
(DGRIDKM).

(4) Given (1), (2), and (3) above, the enhanced Rd&a are results of
analyses rather than prognostic forecasts [i.e. 3{idmd are better
suited for CALMET first-guess field$®

(5) The CALMET interpolated NWS wind observations foe grid cell
nearest wind towers are biased to speeds lessimantower
observations. CALMET interpolated RUC2d windshattgrid cell
exhibit better agreement with wind tower observadicalthough also
less than the wind tower observatiofisNo comparable analysis

% The meteorological model (MM5) is supported by P8tate University (PSU) and the National
Center for Atmospheric Research (NCAR). “To coméinbusiness as usual’ with respect to
meteorological data inputs (as still permitted umrent EPA modeling guidance) for regional modeimg
simply not supportable in light of recent advantedupplemental Written Testimony of Walter A.
Lyons, which is Tab “D” in Volume 5 of Exhibit 95dm the department’s June 2003 hearing. Page 14.
See also page 29.

In May 2003, EPA dismisses the quality and repriegmeness of the enhanced RUC2 data in
favor of traditional observations from conventiosalrces. (See page 1 of a letter by Richard Rgl.o
Director, Air and Radiation Program, dated May 2@03, to Terry O’Clair, North Dakota Department of
Health.) Later, the department arranged for a slook briefing by WindLogics, Inc., that was heldyJu
13, 2004, in St. Paul, MN. EPA attended this whd{s

37 “RUC Analysis-based CALMET Meteorological Data the State of North Dakota,” dated August
24, 2004, by WindLogics, Inc., St. Paul MN.

% 1d., page 5.

39 “Comparison of CALMET Wind Speed Predictions Witredurements from Wind Energy
Meteorological Towers in Western North Dakota,"ethfune 3002. Prepared by ENSR Corporation.
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between wind tower observations in North Dakota siM5 wind data
has been reported. (See also section 7.1.)

(6)  Apparently, EPA’s contractor compared the MM%adased by EPA in
its 2003 modeling with NWS surface observationbe Pperformance
metric, which is a wind index of agreement, wasulib7.*° However,
the enhanced RUC2 surface winds more closely agitteNWS surface
winds.* (See also section 4.2.)

(7)  Theresults in (5) and (6) above are examplesnggirical confirmation
of modeling techniques and data.

C. Some input values for CALMET control-file variaislthat are applicable when
using only NWS data are inappropriate when usiegetthanced RUC2 data
due to differences in spatial and temporal scaleseoNWS observational data
and the enhanced RUC2 data. Those variables iead@RIDKM, NX, NY,
IEXTRP, TERRAD, R1 and R2. (See sections 4.1.2afd

D. All input values for CALPUFF control-file variai$, except DGRIDKM, grid
domain variables and XSAMLEN, are the same whetiserg only NWS
observations or using the enhanced RUC2 weathar daput values for
domain variables NX, NY, IBCOMP, JBCOMP, IECOMP daiECOMP are set
to maintain the size of model meteorological anchpotational domains. (See
section 5.1.)

E. Neither the State nor the EPA had used the erldblREIC2 data in respective
2002 or 2003 modeling protocols. The applicatibthe enhanced RUC2 data
in the MOU protocol apparently is the first usetloé data in a CAA State
Implementation Plan (SIP) actiofi.

This document is Tab “E” of Volume 3, Exhibit 9%0in the department’s June 2003 hearing. Pages 4-1
through 4-6. Note — this comparison study was detad prior to a WindLogics, Inc., discovery of a
software error in interpolation of original RUC-2atd to the enhanced RUC2 10-kilometer grid.

This comparison is significant because the windetodata were not assimilated with other data
by the RUC-2 model.

40 “Annual Application of MM5 to Support 1994 Calpuiir Quality Modeling,” dated 17 December
2002 by Alpine Geophysics, LLC, for US EPA RegionRages 3-1 to 3-3.

41 “A Comparison of NOAA RUC Analysis Surface WindsiahDAS-Enhanced RUC Analysis Winds
with Surface Observations,” dated August 27, 2@§AVindLogics, Inc., St. Paul MN. Pages 6-10.
This document is also Tab “D” of North Dakota’s SB@D Air Quality Modeling Report.

42 personal communication with Dr. Dennis Moon, Windias, Inc. Fall 2003.
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4. Upgraded CALMET inputs

Brief explanations of the functions of CALMET cooiltfile input variables are provided in

table 1a. Input values or settings for these Wemare also shown in table 1a — as used in the
State’s 2003 protocol and in the MOU protocol. Takernative NWS only” option in the

table has not been executed.

4.1  EPA did not inquire or comment on the followi@&LMET input changes to the
State’s 2003 protocol in drafts of the MOU protacol

4.1.1 When using only NWS observational data

A. Input variable ZFACE was changed to reflect staelghts of emitting sources
and standard rawinsonde pressure altitudes. Téeged values for ZFACE
increased layering of wind fields from ground let@b00 meters, while
retaining twelve layers (NZ). (There was no wntexplanation for previous
ZFACE values.) The standard atmosphere 850 milldp@ssure altitude is
approximately 500 meters above ground at BismaoH,rawinsonde wind data
are obtained twice daily at this and other stangaedsure altitudes.

B. Input variable BIAS is used by CALMET’s Step 1ndifield calculations when
vertically extrapolating NWS weather data. Thisiaiale was changed so that
NWS surface wind observations are not blended WS upper air wind
observations at altitudes of 500 meters (aboutrB#itbar) and higher above
the ground surface.

C. The default value for CALPUFF input variable MCDA activates pollution
plume path adjustments due to terrain; the defaalite, which is 3, was not
changed. The default value for CALMET input vat@alSLOPE activates
slope air flows; the default value, which is 1,swet changed. The value for
CALMET input variable TERRAD, which is a functiori the dominant scale of
terrain, was decreased to approximately three timesnput value for
DGRIDKM. The change should enhance local terrafltuence on winds by
increasing some calculated slopes and, thus, locdluencing puff or slug
pathways.

D. Apparently, values for input variables R1 andR®2e the same in the State’s
2003 protocol, as well as EPA’s 2003 protocol, whemg MM data blended
with the NWS data as when using only NWS wind d&tahese variables
control radial distances for horizontal interpadatiof NWS wind observations
when re-introducing these data in Step 2 layeradivield calculations. (In
retrospect, see section 7.1.2.)

*3 The State’s 2003 protocol set the value for R10akikbmeters and the value for R2 as 60 kilometers.
EPA's protocol set the value for R1 as 1 kilometed the value for R2 as 10 kilometers.
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E. CALMET variable MNMDAYV limits the upwind or badkajectory distance for
averaging mixing heights and temperatures calcdltegrid cells of the
meteorological grid. However, post MOU-protocramination of the
CALMET code revealed that the code limits the maximback trajectory to an
air parcel travel distance during one time stepctvis one hour (3,600
seconds). Travel distances during a time stefeas® or decrease as the wind
speed increases or decreases. (In retrospectesten 7.1.2.)

F. Input variable ILEVZI was changed from NZ leveiotlevel 3. Wind vectors at
this level are used by CALMET to determine the baalectory travel distance
during one time step. Although wind speeds at &1 1 are used to calculate
mechanical mixing depths, wind speeds above NZrlaya@e used by
CALPUFF for advecting puffs or slug$.

G. The department has assimilated 2001 and 2002 hivg8rvational data into
files suitable for ingest by CALMET. When no MMpiat data are used, the
observational data are used by the model for Stieyitidl guess wind fields and
for Step-2 wind field calculation& When MM input data, such as the
enhanced RUC2 data, are used as the Step-1 iitées wind field, the
observational data are only used in Step-2 winld talculations.

4.1.2 When using enhanced RUC2 data

A. Input variable DGRIDKM should relate to the scafgerrain features in the
modeling domain, because the enhanced RUC2 datawre more spatially
(i.e., horizontally and vertically) and temporatybust than NWS twice-daily
upper air and hourly surface weather data. Thasain features include the
Missouri River, the Yellowstone River, the Littleiddouri River, Lake
Sakakawea and Lake Oahe; the local air shed draifta these features is
often only 3 to 5 kilometers wide. So, the inpulseafor DGRIDKM is set as 3
kilometers.

(1) Input values for NX and NY are set accordinglyas to sustain the size
of the modeling domain.

B. The input value for TERRAD was set at 10 kilommetevhich is about three
times the value for DGRIDKM.

C. The grid scale for the enhanced RUC2 data istbnidgters. So, the input
values for R1 and R2 were set at 10 kilometergésgrve the advanced
features of the enhanced RUC2 wind data. (Seesscd and 7.1.)

4 A User's Guide for the CALPUFF Dispersion Model/ersion 5, dated January 2000 by Earth Tech,
Inc., Concord, MA. Page 2-37.

4 1d., sections 1.3 and 2.2.
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4.2  The enhanced RUC2 data has not been used inRE3BAmodeling protocols. So,
EPA recommended an additional written technicatdpson of the enhanced RUC2
data®® and a statistical comparison of RUC2 wind datdnWwS surface wind data.
These recommendations resulted in the followingorastby the department.

A. The department contracted with WindLogics, Ifformerly SSESCO) for a
paper that provides an additional description efADAS enhanced Rapid
Update Cycle (RUC-2) dat¥.

B. WindLogics, Inc., was also contracted to compareanced RUC2 10-meter
wind speeds with NWS 10-meter wind speéls.

46 A technical discussion of the enhanced RUC2 dagimauded as Attachment 2 to the MOU alternate
modeling protocol. See Tab “B” of North Dakota®&PSD Air Quality Modeling Report.

47 “RUC Analysis-based CALMET Meteorological Data the State of North Dakota,” dated August
24, 2004, by WindLogics, Inc., St. Paul, MN.

48 “A Comparison of NOAA RUC Analysis Surface WindsiaADAS-Enhanced RUC Analysis Winds
with Surface Observations,” dated August 27, 209AVindLogics, Inc., St. Paul, MN.
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5. Upgraded CALPUFF inputs

Brief explanations of the functions of CALPUFF cattfile input variables are provided in
table 1b. Input values or settings for these \demare also shown in table 1b — as used in the
State’s 2003 protocol and in the MOU protocol. Takernative NWS only” option in the

table has not been executed.

5.1  EPA did not inquire or comment on the followi@4LPUFF input changes to the
State’s 2003 protocol in drafts of the MOU protacol

A. The computational grid is a truncated meteoratafgrid on the south by 15
kilometers, on the north by 15 kilometers, andlenéast by 30 kilometers
where domain boundary induced interpolative comsisacan occur. The
truncation on the east also limits puff or slug/éladistances in wind reversals
that could exceed 300 kilometers before reachistate PSD Class | area. The
west end of the meteorological grid was not truedatue to major stationary
sources located near there. The changes shouldadmccomputer run time.
Given the large modeling domain and the locatidrsoarces in that domain,
these changes should not affect model predictedesdrations.

B. Input variable MPDF was changed so that vertitgppersion under thermally
induced convective conditions is calculated usipgabability distribution
function. The change is consistent with recommednde of the AERMOD
model and with EPA’s 2003 draft modeling repét.

C. Input variable XLAT has been changed so thatat'the south to north center
of the TRNP Class | areas and sources to the @&st.change, which also is
consistent with the center of the modeling domeauld possibly reduce
photochemical oxidation of sulfur dioxide duringipie transport.

D. The largest observed ambient sulfur dioxide catregions at sites of monitors
occur throughout the yeaf. Input variable IVEG was changed to represent the
condition of vegetation, on average, throughoutgiteving and dormant
seasons! For example, vegetation is dormant five or sixihs of the year in
the geophysical setting of North Dakota. The claisgconsistent with EPA’s
2003 draft modeling report, and it will not increase impact of vegetation as a
sink for sulfur dioxide during plume transport, liutould decrease the impact.

49 “A User's Guide for the CALPUFF Dispersion Model/ersion 5, dated January 2000 by Earth Tech,
Inc., Concord, MA. Page 2-40.

0 Tab “B” of North Dakota’s SO2 PSD Air Quality Modied) Report. Appendix H.

1 When the model is executed for each season ratherfor the year, an input value for IVEG can be
set as appropriate for each season.
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5.2

When using the enhanced RUC2 weather data, Vark®AMLEN was
changed to match IWAQM'’s recommendation, sinceviileae for DGRIDKM

is 3 kilometers. When using only NWS observatiateth, XSAMLEN was set
to 0.6, which is also 3 kilometers. [Note. Reswit one sensitivity test
suggests the input value should be 0.5 when tliesgale is 10 kilometers].

Input variable IRESPLIT was changed since sedswwurnal shear over
North Dakota develops about 2 hours after sunsgpansists until about
sunrise>? Due to apparent CALPUFF programing, a consequehtias
change is that there is no restriction during thierder day when pollutant
puffs can be split vertically.

Vertical puff or slug splitting is also contradldy variable ROLDMAX. The
input value for this variable was changed so arsdrease the potential for
vertical splitting and, thus, increase use of tizel&yered winds for puff or slug
advection.

The x:y coordinates for each stack of all powlanfs (except the Beulah Power
Plant), the refineries and the gasification plaaténbeen included rather than
one x:y set for the plant. Emitting units withimdustrial plants are separated by
tens of meters or more, and in one instance bytatroerhalf kilometer. See
section 7.3.

Input variable SIGMAYI was changed to create mitial plume width at stack
top that relates to stack diameter. [Note. CALPUE-sets SIGMAYI values
that are less than 1 meter to 1 meter.]

Model receptors were added on the perimetetiseoSouth and North Units of TRNP
due to EPA comment on a draft of the MOU protoeol] input variable NREC was
changed accordingly. The perimeter receptors wkxeed about two kilometers
diagonally from receptors on the two-kilometer @aran grich?

%2 per personal communication with a meteorologistleygal at the Bismarck Office of the National
Weather Service. Winter 2003-2004. (“. .. thv level jet often does not start until after theming
balloon launch and has largely dissipated befagartbrning launch, . . .” See page 23 in Suppleatent
Written Testimony of Walter A. Lyons, which is Tdb” in Volume 5 of Exhibit 95 from the
department’s June 2003 hearing.)

>3 See page 28 in the MOU protocol.
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6. Upgraded SO2 emission rates

PSD baseline and current sulfur dioxide emissioasréor power plants, refineries and other
sources are shown in tables 2a, 3a and 3b as ydbe bepartment in 2003 and as provided
by the MOU protocol. See also paragraph 7.2.1.A.

6.1 EPA did not inquire or comment on the followi@gLPUFF input changes to the
State’s 2003 protocol in drafts of the MOU protacol

A. During a State and EPA meeting that spawned tldJVthe State committed to
changing baseline coal sulfur content (percent bight) of feed coal for coal-
fired boilers. The average coal sulfur contentdaliculation of baseline
emission rates now represents the coal that waktodee boilers during the
two consecutive years of baseline normal operatiatiger than the coal that
was used from the mine source at the time of tHe P& or source baseline
date until a later year when coal was obtained fam@mther mine source
(referred to as life of mine). These changes arsistent with July 2003
hearing findings by the State Health Offi¢éand reduce baseline emission
rates of several coal-fired boilefs.

B. The following changes relate to an MOU provis{enbpart |, paragraph 3) that
baseline emission factors are to be consistentettibr data sources.

(1)  The baseline emission factor for the Beulah Rd®lant was decreased
so as to be consistent with the CEM based emidaidior for Unit 1 of
Heskett, because boilers at the Beulah plant wekesfed as is Unit 1
of Heskett. The change reduces the plant’s baselmissions.

(2) The baseline emission factor for the Neal Stati@as increased from
30.0S to 32.9S, per source testing during theyd®T0s>° S is the
sulfur content of the coal fired in the stationwlbr. The change
increases the station’s baseline emissions.

> Section 10.1 of the September 8, 2003, Order oftfNDakota State Health Officer Terry L. Dwelle.

> On an annual basis, these changes added nearlj0ltbyis of sulfur dioxide to the pool of PSD
increment consuming emissions.

¢ The ash oNorth Dakota lignite coal has a sodium oxide cohtethin the range of 2 to 8 percent.
For example, see pages 24-25 in Exhibit 83 frond#partment’s June 2003 hearing, which is titled
“Prevention of Significant Deterioration — Sulfurd®ide: Final Baseline Emission Rates,” dated May
2003 and prepared by the department. In addisiodium oxide data provided with annual source
emissions inventory reports and unpublished dataitdd from the Energy and Environmental Research
Center, Grand Forks, North Dakota.

Thus, the average sulfur dioxide emission factoibfailers burning local lignite coal is 32.3S.
Page 4-37 of Emission Factor Documentation for 2Rs4ction 1.7, Lignite Combustion dated April
1993 and prepared for the US EPA Office of Air QayaPlanning and Standards.
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(3) The baseline emission factor for the M.R. Yo@igtion Unit 1 was
increased from 31.8S to 33.3S per source testinduaied during the
early 1970s, because of uncertainty in calculategsion factors using
current time coal and emissions d&faThe change increases the unit's
baseline emissions.

C. The two consecutive years that represent basetimaal operations have been
changed to reflect boiler capacity utilization #fumits at power plants? due
to EPA Region 8 remarks while negotiating the MQU .effect, all emitting
units at a plant are assigned the same two-ye&dtar normal operations. As
a consequence, the two-year period of normal operafor the Leland Olds
Station Unit 1 and the M.R. Young Station Unit Zanged from the two-year
period in prior State protocols.

D. Current time (2000-01) sulfur dioxide emissiotesafrom stacks for the Lignite
Gas Plant and the Grasslands Gas Plant have beleded, because these
sources first began deep well injecting sour gasidl2002. The emissions of
these sources are also needed for accuracy tdstd) sompare modeled
concentrations to monitored concentrations.

E. Although EPA Region 8 did comment on the depantrsenil and gas
production (flares and treaters) sulfur dioxideantories in its 2003 draft
modeling report? it did not comment on these inventories duringcdssions
on drafts of the MOU protocol.

6.2 EPA Region 8 indicated that amounts of alkatioestituents in coal ash or slag may
have changed from PSD baseline to current time amdl jf so, such change would
have affected sulfur dioxide emissions. It reqe@st review of a report on coal data
and stack testing conducted in the early 19903 he report’s data for alkaline
constituents were compared to a recent reporta dathe later data indicated no
apparent significant differences in alkaline congtnts.

" A subsequent updating of coal sulfur content anMGHlfur dioxide data resulted in a four year
(2000-2003) average emission factor for sulfur @iexof 32.3S. See table 2b.

%8 Data for the utilization of rated heat input fortdired boilers of power plants are provided oggs
38 and 39 of the MOU protocol, which is Tab “B”Mbrth Dakota’s SO2 PSD Air Quality Modeling
Report. Data for five years (1978-1982) afterritinor source baseline date (December 19, 1977) for
sulfur dioxide are shown to illustrate utilizatimends. Graphs of the utilization of rated heauirfor
additional years forward through the 1990s are shiovExhibits 82 and 83 in the docket for the
department’s June 2003 hearing.

%9 Exhibit 84 from the department’s June 2003 heaniage 21.

0 “Some Studies on Stack Emissions from Lignite-FPedverplants,” by G.H. Gronhovd, P.H. Tufte
and S.J. Selle published in “Proceedings: Bureaddinés-University of North Dakota Symposium,
Grand Forks, N.Dak., May 9-10, 1973.” US DOI Infation Circular 8650.
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7. Recommended MOU protocol updates

7.1 Recommended input updates for CALMET and CAEPWariables

The MOU protocol provides the input values for mactntrol-file variables on pages 10-12
and 14-15. The department’s Protocol Results Repoicludes with the question “In
retrospect, are there technically better choicesditues or setting of some CALMET and
CALPUFF control-file variables that would resultimproved agreement between predicted
sulfur dioxide concentrations and observed conegiots in western North Dakota?” So,

the input values or settings for several variablese re-examined. In addition, the modeled
results of execution of the MOU proto®land the surface and 900 millibar wind vector
animations prepared by WindLogics, Inc., providassafor assessing possible updates to
input values for a few model control-file variahles

Lists of model variables and input values or sgtifor these variables, including
recommended updates for input values or settingssl@own in tables 1a and 1b.

7.1.1 Advanced updates

A. The technical advantages of the enhanced RUGZ, datdescribed in section
3, % provide an opportunity to use that data as obsiens; for example,
CALMET variable IPROG set as 15.

(2) But that approach has not been the norm in egipdiin of MM5
prognostic weather data. Normally, MM5 data amimporated by
CALMET as the initial guess wind field (Step 1)erFEPA’s John Irwin,
“reviewing agencies are not ready to accept” theaewed RUC2 data as
pseudo observation¥.

(2)  An alternative is to set values for variablesdtl R2 low so as to
preserve the enhanced RUC2 wind data in Step 2iladilcns.®®

€1 Tab “C” of North Dakota’s SO2 PSD Air Quality Modte) Report, section 10.4.
62 1d., section 9.0.

3 When using the enhanced RUC2 data, CALPUFF didciqusefs so as to often coincide with day to
day peaks of observed concentrations at monitwiteg. (See Tab “C” of North Dakota’s SO2 PSD Air
Quality Modeling Report, section 4.1.) Excepti@tsurred during prolonged day to day periods of
higher observed concentrations at the monitoritegisithe South Unit of TRNP during 2000 and 2002.
(Id., Appendices B and C.)

%4 “Revised CALPUFF Analysis with Year 2000 MM5 Metetogical Data: PSD Increment
Consumption in Class | Areas in North Dakota anst&a Montana,” dated March 2003 by ENSR
Corporation. Page 2-4.

% |d., pages 2-4 and 2-5.
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B. More specifically, vertical extrapolation of th&VS observations to the
CALMET grid and then horizontal blending the exivégied wind data with the
enhanced RUC2 can degrade the quality of the elddRCIC2 data, given the
large spatial separation of the observations.. ;.the process of time-
interpolating between widely spaced (in time) olsadons or fields, is by its
nature, a smoothing of the data. Any directionahing has the effect of wind
components canceling each other out in the intatfmol, resulting in reduced
wind speeds. ... the integrity of the flow i@a&s is not preserved, and the
blurred out representation of the features doepresterve the wind speed§®”

(1) The point above that time interpolation betweadely spaced (in time)
observations is a smoothing of those observationhe CALMET grid
is illustrated with wind data collected at wind egemeteorological
towers.” CALMET extrapolated and interpolated NWS wind
observations to the grid cell nearest wind toweestdased to speeds
less than wind tower observations. But, CALMETenpiolated RUC2d
winds to that grid cell exhibit better agreemetth@ugh are also biased
to speeds less than the wind tower observatf§ns.

(2)  Therefore, a frequency distribution of modelédrs-term sulfur dioxide
concentrations using the enhanced RUC2 data woerdi ttoward fewer
of the larger concentrations when compared to w@ildigion using only
NWS observations. When the lowest of wind speedsiig sulfur
dioxide emissions are the least diluted in air,chhiesults in the highest
modeled or observed sulfur dioxide concentratiGh$digher wind
speeds provide larger volumes of air for dispersibthe emitted sulfur

8 “Comments on Upper Air Interpolation Shortcoming®tepared by Dennis Moon of SSESCO (now
WindLogics Inc.). This memorandum is attachmetd 8Revised CALPUFF Analysis with Year 2000
MM5 Meteorological Data: PSD Increment Consumpiiolass | Areas in North Dakota and Eastern
Montana,” dated March 2003 by ENSR Corporation.

7 “Comparison of CALMET Wind Speed Predictions Witredburements from Wind Energy
Meteorological Towers in Western North Dakota, ethfune 2003 and prepared by ENSR Corporation.
Note — this comparison study was completed pri@ WindLogics, Inc., discovery of a software eliror
interpolation of original RUC-2 data to the enhah88JC2 10-kilometer grid.

% |d., pages 4-1 through 4-6.

% Errors in low wind speeds can significantly impaxideled concentrations. “The pollutant
concentration in a puff moving at 1.5 miles perhigul00% greater than one moving 3 mph.” [See page
21 in Supplemental Written Testimony of Walter Aons, which is Tab “D” in Volume 5 of Exhibit 95
from the department’s June 2003 hearing.] GivenGAA PSD short-term sulfur dioxide increments, the
modeled 2 highest deterioration triggers an increment exaeed when that"2highest is larger than the
increment — that is, théhighest of 365 24-hour events or tHéfdghest of 2,920 3-hour events.
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dioxide, which results in lower modeled or obsersalfur dioxide
concentrations’”®

(3) When variable IEXTRP is —4, the NWS wind obséivas, except calm
winds (as ICALM is 0), are vertically extrapolatadd blended in Step 2
with the enhanced RUC2 data. “In this approacmust be assumed
that surface winds are representative of the watd during much of
the day[;]""* for example, NWS upper air observations are olethi
twice daily. The threshold between calm and ndmaainds is 0.0001
m/s as coded in CALMET. The advanced features®®enhanced
RUC2 wind data are preserved when setting the aluEEXTRP to —1
rather than —4 (IWAQM'’s default), because obsersdace wind
speeds greater than 0.0001 m/s are not verticathagolated/?

(4) Given (1), (2) and (3) above, the setting foXTRP can possibly affect
puff or slug pathways, dispersion and modeled cotnaéons. So, when
using the enhanced RUC2 data, an updatpdt value for CALMET
variable IEXTRP was set as —1.

C. The highest daily averages of sulfur dioxidehat site of the monitor in the
South Unit of the TRNP and at other sitéscluded and/or were preceded by
periods of low wind speed and calm winfs.

(1)  Apparently, CALPUFF can produce simulated con@ions that are
greater than plume model simulated concentratiomsg periods of
calm winds (stagnant air) and wind revers&lsThe apparent reason for

this disparity is that “. . . [modeled] concenteeis may become
unrealistically large when wind speeds less thamd are input to the
[model]” because the “. . . [steady-state Gausplame] model does not

® Tab “C” of North Dakota’s SO2 PSD Air Quality Modte) Report, page 45.

" Page 18 in Supplemental Written Testimony of Waktekyons, which is Tab “D” in Volume 5 of
Exhibit 95 from the department’s June 2003 hearing.

2. An input setting for variable IEXTRP of —1 had beesed by ENSR Corporation. See Exhibit 58 from
the department’'s May 2002 hearing.

3 Tab “C” of North Dakota’s SO2 PSD Air Quality Modtej Report, section 9.1.

" «synoptic Analysis of Episodic Easterly Wind EveimtCentral-Western North Dakota for the Years
2000-2002,” dated December 16, 2004, and preparétlibdLogics, Inc. In addition, accompanying
wind vector animations for surface and 900 millikarels during easterly wind events between August
22 and September 12, 2002.

> IWAQM'’s Phase 2 report, pages 6 and 17. The IWA@Nbrt is Exhibit 29 in the docket for the
department’s May 2002 hearing.
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apply during calm conditions, . .. Therefore, fbteady-state
modeling] procedures disregard hours which aretitied as calm.®

(2) In 1998, EPA concluded that “[The] complex iraetion of transport,
vertical mixing, and dispersion have an effect onaentrations with
respect to downwind distances in CALPUFF. Occadlgnthe
accumulation of mass released over several hourbeviransported in
such a manner that the combined effect is to predharp localized
maxima [’] in simulated concentration values. The occureemicsuch
events is not predictable. ... Calm winds @agyart in these events.
These maxima seem to occur at most locations imgbeptor network,
at all downwind distances’®]] When they occur, they seem to affect in
particular the results of the shorter averagingouis:.” "

(3) An example of the complex surface and 900 ralitvind regimes is
illustrated with raw RUC2 data in figures 1a and Ikeophysical
references for Class | areas and major sourceitotsaaire south-north
roadways 85 and 83 and west-east roadway [-94fa&uwind speeds
are calm to light (about 3 m/s or les¥)and surface air flows east to
west from highway 83 to highway 85 where surfacdlaws south to
north. Surface air in the area of 1-94 also fleesith to north. At the
same time, air at 900 millibar generally flows dotdg north at 5 m/s
(11.2 miles per hour) and higher.

(4) CALPUFF advects emitted pollutants by one of twethods — as
circular puffs or slugs® A slug represents the continuous emission of
puffs each having infinitesimal mass. The lendtthe slug is

% Section 9.3.4.1(a) of Appendix W attached to 40 GflR 51 (FR 68, page 18466).

" Because each 24-hour averaging period (calendarodagists of 24 1-hour modeled concentrations,
larger 1-hour sulfur dioxide modeled concentratiaresaveraged with lower 24-hour concentrations.
Nevertheless, some ratios of modeled to observaderdrations were large. (See figure 6, tabled an
Appendix E in Tab “C” of North Dakota’s SO2 PSD Auality Modeling Report.)

8 The emissions inventories include flares and treatdthin 10 kilometers of the state’s PSD Class |
areas, and major sources are located at greatandes from these areas. (See Tab “B” of North
Dakota’s SO2 PSD Air Quality Modeling Report, pag8s54 and 55.)

9«A comparison of CALPUFF with ISC3.” Dated Decemli®98 by U.S. EPA, Office of Air Quality
Planning and Standards, Research Triangle ParklicRtion No. EPA-454/R-98-020. Page 20.

8 Times of travel of emitted sulfur dioxide from stamf power plants to PSD Class | areas can exceed
48 hours when wind speeds along travel pathway®8.&rm/s (1.1 miles per hour) or less.

81 «a User's Guide for the CALPUFF Dispersion ModeV/ersion 5, dated January 2000 by Earth Tech,
Inc., Concord, MA. Pages 2-7 — 2-22.
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DGRIDKM, unless the model user specifies anothegtle via variable
XMXLEN. During calm periods (speeds less thanr@/S), slugs are
released as puffs and all emitted mass for thegdane hour) is placed
into one puff? The slug method is activated by setting CALPUFF
variable MSLUG as 1. Slugs can be converted téspguf variable
SL2PF, which economizes computer run tifie.

(5)  When using non-steady state models such as CAERthere is no
procedure for disregarding calm winds as so donstEady-state
models as quoted in paragraph (1) above. Usertegudor CALMET
and CALPUFF, which date to January 2000, do natudis the calm
wind issue in paragraph (2) above. CALPUFF inpuiable WSCALM
sets the threshold between calm and non-calm vwogedds; the default
value is 0.5 m/s (1.1 miles per hour). Wind spdeds than WSCALM
are often set to the WSCALM value in the CALPUFca&tions.
However, wind speeds less than 0.0001 m/s arestiesedt calm winds
within the CALMET code; a user cannot change taikie without
recompiling the code.

(6) It is unclear whether occurrences of calm wiadsllustrated in
paragraph (3) above and the treatments of calmsaaydhe two models
described in paragraphs (4) and (5) above areibaititng to or causing
the “sharp-localized maxima” in modeled concentnagi per EPA’s
report quoted in paragraph (2) above. Thereftwe stug option will not
be used; thatis, MSLUG is set as 0 as shownhile th.b.

7.1.2 Minor updates

A. When using only NWS observational data, the vdtueCALMET variable
IEXTRP remains at —4 as in the MOU protocol, andugpdatedvalue for
variable R1 was set to one-third the average dist@§h35 kilometers) between
NWS surface stations in the modeling domain.

B. When using enhanced RUC2 wind data, updastddes for R1 and R2 were set
as one-half scale for the enhanced RUC2 data gaduse of the good
agreement between the enhanced RUC2 10-meter weetls and NWS
surface wind speed¥. These changes reduce values for R1 and R2 frota 10

82 1d., page 2-144.

8 |d., page 2-20. The hybrid slug-to-puff approacimivoked by setting variable SL2PF, which is the
ratioo, / (u dt), where u dt is the travel distance dutinge increment dt when the wind speed is
u.

84 «A Comparison of NOAA RUC Analysis Surface WindsdaADAS-Enhanced RUC Analysis Winds
with Surface Observations,” dated August 27, 28@4VindLogics, Inc., St. Paul MN.Pages 6-10.
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5 kilometers and limit the distance in Step 2 hamial interpolation of winds in
the wind layers so as to retain the enhanced Rip@tad variation of winds.

C. The input value for CALMET variable
ZUPT was_updateftom the IWAQM Recommended updated values
default value of 200 meters to 270 meters t g;ﬁ‘fg%’i@gj{)’g ;)zalrazg;?ghs A
coordinate with ZFACE heights, since the -

) based upon a re-examination of
heights of some source stacks are 201 and| ochnical considerations for these

O

210 meters. variables. Recommended
_ updated values for variables in
D. Input values for CALMET variable paragraphs C and E depart from

MNMDAYV were updatedrom values in the | the IWAQM values used in the
MOU protocol. The updatedhlues were MOU protocol for the reasons
set to 7 grid cells (35 kilometers) when stated. A sensitivity test of
using NWS data only or to 12 grid cells (36| updated values is described in
kilometers) when using the enhanced RUC[ S€ction 9.

data. Nevertheless, emitted pollution can
travel distances in one hour that are longer
than 35 kilometers when wind speeds are higher 18am/s (22.4 miles per
hour). At higher wind speeds, grid cell to gridl eriation in mixing heights
would likely be insignificant. (See paragraph 4.B.)

E. Vertical puff or slug splitting is also contralléey CALPUFF variables
ZISPLIT and NSPLIT. The input value for ZISPLIT svapdatedrom the
IWAQM default value of 100 meters to 150 metersasdo increase the
potential for vertical splitting®® The input value for NSPLIT was increased
from 3 to 4 and, thus, increases use of the NZri&ay®inds given occasional
vertical wind speed and direction shear above gitdewel as illustrated in
figures 1a and 165°

7.2 Recommended updates for sulfur dioxide emissates

Sulfur dioxide emissions rates are provided byMi@U protocol on pages 19 and 20. Sulfur
dioxide emission factors and data for calculati®pMaseline emission rates are discussed in
Appendices D and E of the MOU protocol and in set8. Recommended updatesPSD
baseline sulfur dioxide emission rates are includedble 3a. Recommended sulfur dioxide
emission rates for 2002 and 2003 are shown in t2ible

8 The nocturnal heights of the planetary boundargda@ue to wind induced turbulent mixing would be
useful forecast information, but are unknown. #eersonal communication with Rich Leblang, a
meteorologist employed at the Bismarck Office & Mational Weather Service. January 2005.

8 The department contracted with WindLogics for soréthat is titled “Synoptic Analysis of Episodic
Easterly Wind Events in Central-Western North Dakior the Years 2000 — 2002.” The report is dated
December 16, 2004. Also compare time concurrerfidcel and 900 millibar wind vectors from
WindLogics’ wind vector animations.
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7.2.1 PSD baseline emissions

A. On further review of reported sulfur dioxide esimns data, the 2001 annual
emissions inventory report by Great River Energylait 1 of its Stanton plant
should have indicated 9,424 tons rather than a-flme bias adjusted 9,046 tons
as shown on page 47 of the MOU protocol, becaugerkles do not allow a
downward adjustment of CEM emissions data when Gleis are biased
high. As a consequence, the CEM based AP-42 emnigactor increased to
35.5S and the baseline emission rate for Unit le@sed from 2,220.1 Ib/op-hr
to 2,271.3 Ib/op-h#” The corrected data are provided in tables 2a3and

B. After April 2004, coal sulfur-content data anchaal sulfur dioxide emissions
from hourly CEM data were compiled for six un-sdseld units of power plants
for 2002 and 2003. These data are provided iretabl

(1) The data for the four years 2000 — 2003 aregdioin figure 2.
Intuitively, emitted sulfur dioxide per ton of conrted coal should
increase when the sulfur content of that coal iases, and vice versa.
However, amounts of emitted sulfur dioxide alsoetepupon sodium
oxide and, to a lesser degree, other oxide coestituin coal®® and,
concentrations of oxide constituents in the stdigiste coal seams are
highly variable.

(2)  Table 2b also provides the 2000-2003 four yearage sulfur dioxide
emission factor for Heskett Units 1 and 2, GRE &tarJnit 1 and M.R.
Young Unit 1. The four year averaged emissiondicvary at most 0.5
from the 2000-2001 two year emission factors thateaused to
calculate baseline sulfur dioxide emission ratése additional coal and
CEM data for these plants confirm the emissionsofacused to
calculate PSD baseline sulfur dioxide emissionshasvn in table 2a.

(3) However, the 2000-2003 four-year averaged ewis&ctor for Leland
Olds Unit 1 increased to 39.2S from the 2000-20@t-year average of
37.4S. The four-year average for Unit 2 is ontiDlarger than the
2000-2001 average of 40.7S. The additional codl@EM data for the
two units of the Leland Olds power plant imply a$ior under

87 These corrections were implemented when executiegtOU protocol. See Tab “C” of North
Dakota’'s SO2 PSD Air Quality Modeling Report, sentP.1.

8 The alkali constituents in lignite are sodium, aait and potassium in reactive form. Since potassiu
is generally present in very small amounts, thalak most responsible for sulfur dioxide reteniion
lignite fly ash are sodium and calcium. See “S@helies on Stack Emission from Lignite-Fired Power
Plants” by G.H. Gronhovd, et.al., dated May 1978 presented at a Lignite Symposium in Grand Forks,
North Dakota, page 6.
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reporting coal sulfur content, because CEM systparations are within
an acceptable performance tolerari¢e.

(4)  Assuming that a bias for under reporting cadfius content occurred
during PSD baseline years as well as during cugreats, emission
factors of 39.2S and 40.8S, respectively for Uhitand 2 of the Leland
Olds plant, would be applicable in calculating Pi&3eline emissions
for these units. Using PSD baseline coal ddtine PSD baseline sulfur
dioxide emission rate for Unit 1 becomes 3,783/6gkhr, and the rate
for Unit 2 becomes 7,709.1 Ib/op-hr.

7.2.2 Current emissions

A. Sulfur dioxide emissions data for 2000 and 20@tewsed in the State’s 2002
and 2003 modeling protocols and in the MOU protoc®ince then, annual and
actual emissions have been compiled from hourly Giilur dioxide
emissions data for major sources for 2002 and 200& emissions data are
included in tables 2b and 3b.

B. Annual rates as pounds per operating hour condguden hourly CEM
emissions are shown for each year from 2000 to 20@&ble 3b. But, 2000-
2001 and 2002-2003 rates as actual emissions far2lof the Leland Olds
plant in this table are downward adjusted to thésimns factor of 38.7S from
table 2a, which is consistent with the MOU prototand assumes some bias
in hourly CEM data and in the sulfur content oflco@imilarly, the 2002-2003
rate as actual emissions for Unit 1 is downwardisteid to the emissions factor
of 37.4S from table 2a, because emissions factwr2d02 and 2003 in table 2b
are larger than 40S. This approach was used dae imbalance between data
for sulfur in feed coal and data for sulfur dioxigmitted from stacks.

C. However, when assuming CEM systems are operatitign acceptable
tolerances, the rate as actual emissions for Le@dd Unit 2 for 2000-2001 as
a weighted average of annual rates for 2000 and 2@Wld be 8,566.0 Ib/op-

8 For example, a “Continuous Emissions Monitoringt8ysRelative Accuracy Determination”
performed for Basin Electric Power Cooperative ait&J1 and 2 of the Leland Olds Station on Apr8,3-
2002 and on September 24-26, 2002.

See also FR 58, pages 3727 to 3737, which indithétéshe relative accuracy of the CEM
system must be no greater than 7.5% of the mea ¥at the reference test data for sulfur dioxide.

In addition, system flow measurements were biaggi lhy an amount greater than 3% for 2001;
no bias correction was applied by the operatorabse federal rules do not allow downward adjustment
of CEM emissions data.

% The baseline coal data are provided in Appendof the MOU protocqlwhich is Tab “B” of
North Dakota’s SO2 Air Quality Modeling Report.

%1 Appendix E of the MOU protocol.
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hr. Similarly, the rate as actual emissions folabe Olds Unit 1 for 2002-2003
as a weighed average of annual rates for 2002 @@8 ®ould be 4,205.2 Ib/op-
hr, and the rate for Unit 2 would be 7,786.9 |btop-

7.3 Recommended source stack locations and staekneters

Within days of providing EPA with the MOU protocthe department noticed some errors in
source stack locations and stack operating dat@orrected source location and operating
data are shown in tables 4a and 4b.

Since PSD baseline and current inventories of echgulfur dioxide are modeled separately,
any changes after PSD baseline in stacks and sfalating data can be incorporated as
source input data. One such change occurred éostttk at the Tioga Gas Plant.

Since execution of the MOU protocol, the departmssiied a construction permit to Red
Trail Energy for an ethanol plant near Richardfdarth Dakota. Stack location and operating
data for this source are shown in table 4b.

7.4 Recommended updates to versions of CALMET@AHPUFF

The department has been using CALMET version BR@ALPUFF version 5.4 as specified

in the MOU protocol. Since 2000, the CALMET and IGAUFF models have been advanced
to versions 5.5 and 5.7, respectively. The updatedel executable codes can be downloaded
from the Earth Tech web sit®.

CALMET version 5.5 includes control-file variablERROG. This variable is not included in
version 5.2, nor is it included in the user’s guideCALMET. The default setting of O for
ITPROG directs use of temperature data from NW&no/adions. A setting of 2 redirects use
of temperature data from MM5 data or from the emleanRUC?2 data.

92 “Revisions to pages 39 and 40 in the proposedreitire air quality modeling protocol dated April,30
2004.” This document is included under Tab “B'Narth Dakota’s SO2 Air Quality Modeling Report.

Corrected source coordinates were used when ergdaht MOU protocol. See section 2.1 in
the Protocol Results Report, which is Tab “C” ofriiiaDakota’s SO2 Air Quality Modeling Report.

9 http://www.calgrid.net/ The CALMET 5.5 and CALPUFF 5.7 downloadable vensi have been
available since an updated 40 CFR Part 51, Appeijiwas announced by EPA on April 15, 2003.
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8. Tabulation of modeled concentrations

The State’s 2003 protocol included averaging theered sulfur dioxide concentrations at
model receptors in each Class | area for each &oadithen computing 3-hour and 24-hour
block averaged concentrations. The area receptonges were used by that protocol to
determine deterioration and compliance with PSDb@rland 24-hour increments.

The MOU protocol does not include receptor netwarkraging in Class | areas. Instead,
deterioration (and improvement) in modeled conaidns is calculated for each receptor.
This change from the State’s 2003 protocol is csiesit with July 2003 hearing findings by
the State Health Office??

As provided by paragraph 1.5 of the State & EPA M@ubdeled concentrations from current
and PSD baseline inventories of emitted sulfur giexcan be used for the paired-in-space-
only method for tracking deterioration. Modelinfgtiee current inventory also facilitates
comparison of modeled concentrations to monito@tentrations. Modeling of both
inventories also facilitates EPA’s paired-in-sparel-time method for tabulation of changes

in concentrations. Modeling of an inventory ofr@ment affecting emissions, rather than both
inventories, as used in EPA’s 2002 and 2003 prdsottoes not facilitate the paired-in-space-
only method.

9 Section 10.1 of the September 8, 2003, Order offiNDakota State Health Officer Terry L. Dwelle.
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9. CALPUFF results accuracy tests

“The analyst is responsible for recognizing andmjifiging limitations in the accuracy,
precision and sensitivity of the [modeling] proceslu . . Both space/time pairing of
[modeled] estimates and measurements and unpairedarisons are recommended.
Emphasis should be on the highest concentratiotishenaveraging times of the standards or
increments of concern®

Model accuracy performance tests compare sums déhpryedicted concentrations due to
current time emissions and the background conciorréa constant) to actual observations of
concentrations. The State’s accuracy tests, derpggd in conjunction with its 2002 and

2003 protocols, used: (A) only year 2000 observetiat monitoring sites, (B) year 2000 CEM
hourly sulfur dioxide emission of major sources) @background concentration for modeled
concentrations of 0 ug/m3, and (D) the 50 highesti@ed concentrations during the year
paired with the 50 highest observed concentratitumig the year®®

The accuracy test was improved as follows. Thédpazind concentration for sulfur dioxide
has been estimated using available monitoring a@atbset at 1.5 ug/m3, due to EPA comment
on drafts of the MOU protocol. In addition, acteabissions of sulfur dioxide were used as
specified in the MOU protocol, because the proteesullts are being used to assess
attainment of the PSD short-term sulfur dioxider@msents?’ Finally, the 25 highest modeled
and observed sulfur dioxide concentrations durhytear were used, since additional 24-hour
averaged observations in PSD Class | areas apptbadbwer detection level of monitoring
instruments.

When an accuracy ratio for 24-hour concentratisrigght, such as about 1.1, the highest
predicted current-time concentrations are abouti/én3 larger than the highest monitored
concentrations’® For example, the annual second-highest 24-hduahconcentrations at the

% Section 10.1.3(b) in Attachment W to 40 CFR Par{FR 68, Page 18467). See also Section 10.2 of
the Protocol Results Report, which presents anracgwanalysis paired place/time with monitoringadat
as well as an analysis paired only at place ($itkeomonitor).

% Exhibit 6 from the department’s May 2002 hearingich is titled “Calpuff Analysis Using Actual
Annual Average SO2 Emission Rates (Draft);” andiigi 81 from the department’s June 2003 hearing,
which is titled “Calpuff Analysis of Current PSD&3ks | Increment Consumption in North Dakota and
Eastern Montana Using Actual Annual Average SO298ion Rates.”

9 « ., itis desirable to quantify the accuracyuacertainty associated with concentration estémat
used in decision-making.” Section 1.1.3(a) of Apgi® W attached to 40 CFR Part 51 (FR 68, page
18467).

% An average of the 25 ratios of 1.00 is not a brlgtet between under and over prediction of modeled
concentrations. For example, the largest 24-hbesevations, which are averages of 24 1-hour
observations, include hours when observed condentgaare less that the instrument’s lower detectio
level. A taking of the accuracy math to days duitime year when modeled concentrations are 0 ug/m3
and when observed concentrations are less thandh#oring instrument’s lower detection level of
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monitoring site in the South Unit of the TRNP dgriyears 2000 through 2002 were around
9 ug/m3.

The department completed two additional model ammyutests®
(A)  For the first test:
(2) CALMET version 5.2 and CALPUFF version 5.4 wesed.

(2) Modified input values for CALMET control-file vaables R1, R2, ZUPT
and MNMDAYV were used. For example, R1 and R2 vgateto 5
kilometers and ZUPT was set to 270 meters. Thetimplue for
variable IEXTRP remained as —4; the updated inplue of —1 for this
variable was not used. Lastly, year 2002 enhaRt#¢@2 data were
used.

(3) Modified input values for CALPUFF control-fileaviables MSLUG,
SL2PF, ZISPLIT and NSPLIT were also used. For glaimVSLUG
was set to 1, ZISPLIT to 150 meters, and NSPLIZ%.td-inally, year
2002 sulfur dioxide emission rates were used awstio table 3b!®°

(4) The results of this accuracy test for the Sdunit of TRNP are shown
in table 5. The averaged ratios for the 25 higBdshour concentrations
at the four monitoring sites did not deviate by entran 0.05 from prior
results;*®* no other documentation of this test was prepdfédso,
model predicted sulfur dioxide concentrations avearitically sensitive
to the input values for these CALMET and CALPUFFiahles.'®

(B) Forthe second test,

(1) CALMET version 5.5 and CALPUFF version 5.7 wesed.

1 ppb (2.62 ug/m3) results in a ratio of 1.145501divided by ¥ of 2.62).

% The tests were completed by Steve Weber, a metgpsblon the department’s staff.

100 See also Tab “C” of North Dakota’s SO2 PSD Air Qya\lodeling Report, page 28.
101 1d., page 25.

102 Note that the ratios of predicted and monitorech@dr concentrations (P/O) at this monitoring site
get progressively larger toward the highest predieind monitored concentrations. This P/O treresdo
not occur at the other sites.

103 1d., 88 1.5 and 10.4.
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(2)

3)

All other model inputs were as specified by Bh@U protocol, except
year 2002 enhanced RUC2 data and sulfur dioxidesons were used.

The results of this accuracy test for the Saunit of TRNP are also
shown in table 5. The averaged ratios for theighdst 24-hour
concentrations at the four monitoring sites did dmtiate by more than
0.02 from prior results; no other documentationhis test was
prepared.
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10. Another method for calculating air quality elgbration

The federal CAA, EPA rules and State rules allow erceedance per year of the 3-hour and
24-hour PSD Class | sulfur dioxide increments.An exceedance occurs when modeled
deterioration is larger than the applicable incretnéDeterioration is the change in modeled
concentrations between PSD baseline and currest tiBias due to uncertainties in model
algorithms and input data passes forward into memtlebncentrations and calculated
deterioration!®

There are no observed (actual) sulfur dioxide cotre¢éions surrounding the PSD baseline
time line for the State’s PSD Class | aréé&s.And, meteorological data for the PSD baseline
time line is not available. This data that woudgmresent the weather that carried sulfur
dioxide emitted by PSD baseline sources into tles€l1 areas. So, the MOU protocol uses air
guality models to estimate concentrations at th® B&seline time line due to the PSD
baseline sulfur dioxide emitted by PSD baselinesesiusing three years of current time line
meteorological data?” The protocol uses the same models and three géarsteorological
data to estimate current concentrations due teeousulfur dioxide emissions. One set of
enhanced RUC2 data are used for each year.

If data for observed sulfur dioxide concentratiorese available for the PSD baseline time
line as well as for the current time line, analydisrends in concentrations between the two
time lines would not follow EPA’s method of pairimgodeled concentrations at receptors in
space and time for tracking PSD increment conswmptf — because the meteorology that
transports and disperses emitted sulfur dioxideisthe same day to day throughout the year
during both time lines.

The MOU protocol’s Alternate method for trackingP®icrement consumption establishes a
sulfur dioxide baseline concentration (as defingdue) at each receptof? The baseline
concentration is the second highest concentratioing the year and is established with the
modeled concentrations from modeling PSD baselitfersdioxide emissions. This method
does not presume that day-to-day meteorology througbaseline years and current years is
the same.

194 For example, NDAC § 33-15-15-01(4.)).
195 Appendix B of the MOU protocol and section 4 of #@tocol Results Report.
106 Exhibits 20 and 21 from the docket for the departfiseMay 2002 hearing.

197 1n addition, current time line land use/cover datayrly ozone data and hourly precipitation dag ar
used when modeling the baseline inventory, as agethe current inventory of emitted sulfur dioxide.

198 EPA’s method of time pairing modeled concentratiansodel receptors is described at pages 25-28
of the MOU protocol.

199 This method is also described at pages 25-28 dfith& protocol.
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If the federal CAA and rules did not prescribe Bf&D sulfur dioxide increments, deterioration
of 3-hour and 24-hour sulfur dioxide concentration€lass | areas might be calculated with
CALPUFF output data from execution of the MOU piaatbas illustrated below.

Cumulative totals of modeled concentrations forelaaur of the year — when using current
sulfur dioxide emissions, including sources thatehBLM certifications of no adverse impact
— are block averaged for each day throughout tle. y€he 365 24-hour averaged
concentrations are rank sorted highest to lowesigiwto this point is the same procedure as
used for model accuracy tests. Similarly, 365ydailerages of modeled concentrations when
using PSD baseline sulfur dioxide emissions arepdad and rank sorted. A background
sulfur dioxide concentration of 1.5 ug/m3 has badded to each daily average of modeled
concentrations, and the 25 highest are shown ie &b

Observed sulfur dioxide concentrations are avadlébt each year of the three annual
enhanced RUC2 data sets. Daily averages of oldéimerly concentrations are also
calculated and rank sorted. The 25 highest amesdiewn in table 6, which to this point is
also the same procedure as used for model acctestsy

The statistical mean of observed and modeled 24-bmucentrations can be determined —

(1)  After omitting the highest average (rank of &)aa outlier following
general analytical practice for analysis of obsdreencentrations, and

(2)  After omitting the lowest six averages among2be?4-hour averages of
observed concentrations. These six are more likelgclude hours
when actual concentrations were less than the loetsction level of
monitoring instruments?®

The remaining eighteen 24-hour observed and modmirdentrations comprise 5% of the 365
days of the year.

The table at right shows the eighteen-day mean of Total SO2 Mean SO2
observed (actual) 24-hour sulfur dioxide (SO2) Emissions  Concentratiop
concentration data at the site of the monitor & th Year _Ib/op-hr _ug/m3

South Unit of TRNP from table 6. The table at tigh

also shows the total sulfur dioxide emissions from 2000 44,098.2 >.64
tab!e :_3b. The annual totals_ o_f sulfur dioxide 2001 43.624.4 592
emissions do not include oil field flare and treate

emissions™' The total emissions decrease from 2040 52 38,695.4 6.22

10 Appendix H of the MOU protocol.

11 Maps of flares and treaters within 50 kilometershef South Unit and a table of amounts of emitted
sulfur dioxide during PSD baseline and year 20@0stwown in Appendix F of the MOU protocol. The
2000 inventory was used when modeling 2001 and 2@&2orology. An inventory of sulfur dioxide
emitted by flares and treaters was not assemble2Di@l and 2002.
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to 2002, but the mean of the observed sulfur di@xioncentrations increases. Clearly, annual
differences in transport and dispersion meteoraglagywell as annual amounts of emitted
sulfur dioxide, affect concentrations of sulfur xige in the South Unit.

Data in table 6 illustrate the following:

(1) The average bias in the 18 modeled 24-hour gurattons when using
current actual emissions is: for 2000 — +25%7{/_®4 - 1.0), 2001 —
-5%, and 2002 — +41%'2

(2) The change in sulfur dioxide from the PSD bamseeto current time
comes from a ratio of respective means for the d8eted 24-hour
concentrations. The changes are: for 2000 — (79d/6.59 - 1.0),
2001 — +5%, and 2002 — +12%.

(3) The bias in modeled 24-hour concentrations @y®@and 2002 is larger
than the increases in 24-hour concentrations ocaufrom PSD
baseline to current time.

(4)  The modeled 24-hour baseline concentration @@02is 8.68 ug/m3.
The number of days of modeled concentrations theteded the
baseline concentration are: for 2000 — 6, 20@1 and 2002 — 2.

(5) Some of the same-rank highest modeled concémgsatvhen using the
PSD baseline emissions inventory are larger thaceatrations when
using the current emissions inventory — especially2000 and 2001.
This outcome is likely due to differences in locat and emissions of
major and minor sources between the two time larebsto differences
in year-to-year meteorology.

One statistical null hypotheses is that the meah@fl8 24-hour sulfur dioxide observations is
not different than the mean of the 18 modeled cotraéions when using current sulfur

dioxide emissions. If the probability for a greadéference between the two means is small
(i.e., less than 10 percent), the null hypothesigjected and the difference is a measure of
bias in the modeled concentrations.

Another null hypothesis is that the mean of therii8leled concentrations when using current
sulfur dioxide emissions is not different than thean of the 18 modeled concentrations when
using PSD baseline sulfur dioxide emissions. éf pnobability for a greater difference
between the two means is small (i.e., less thapetent), the null hypothesis is rejected and
the difference is a measure of the deterioratiauing between the PSD baseline time line
and the current time line.

112 See also table 6 in Tab “C” of North Dakota’s SGR @uality Modeling Report. The average of
ratios using the accuracy test method of the MQadgmol were 1.20, 0.94 and 1.41, respectively, for
2000, 2001 and 2002.
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Statistical tests have not been applied to therobgeand modeled concentrations in table 6 so
as to verify or reject each null hypothesis. Santhbles of data can be constructed for all
receptors in the Class | area even though sulfuxide monitors are not located at each of
these receptors.

Tables of data similar to table 6 for monitoringesinear Dunn Center and Hannover would
likely show larger differences between modeledwsutioxide concentrations using the
current and PSD baseline inventories, since (aetlsées are closer to major sources in
central North Dakota where the observed conceotratare larger!* and (b) there are no
offsetting emission reductions from nearby oil didlares and treaters'*

Data from table 8 in the MOU Protocol Results Reépoe shown in the table below, and data
from table 6 are also shown in this table. Caladaleterioration using the same protocol
output varies among the three methods shown. @&lregin-space-and-time method
conceptually protects clean air days at PSD basd&om degrading beyond PSD increments,
the paired-in-space-only method protects the wayatentrations from degrading “over the
baseline concentration” beyond the increments gseagraph 1.5 of the MOU), and the 18-day
mean method mimics a likely analysis of observetceatrations, if monitoring data were
available during the baseline time line.

Deterioration using modeled 24-hour sulfur dioxideconcentrations (ug/m3) for
the South Unit of TRNP. *

Meteorological data 2000 20013 2002*
Per CAA PSD - increment is 5 ug/m3
H2H! EPA’s paired in space and time 4.4 4.0 4.7
H2H Paired in space only 2.8 1.8 4.9
Paired in space only — at site of monftoy 0.8 1.9 2.2
Per difference in 18-day mean
Not HSH — at site of monitor 0.5 0.3 0.9

CALPUFF version 5.4.

Appendix H in the MOU protocol.)

w

o

! HSH = high second high among all receptors
2 Receptors at sites of monitors were not incluidedbulation of HSH deterioration. (Seg

* Data are derived from modeled concentrations uSIABMET version 5.2 and

For 2000 and 2001, numbers are based upon 200D-&flual emissions.
* For 2002, numbers are based upon 2002-2003 aariakions.
See sections 7.2 and 9 of the MOU Protocol Refefport.

113 For example, see Appendix H of the MOU protocol.

114 sSee table and figures in Appendix F of the MOU qcot.
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11. Comments
11.1 Regarding sections 4,5, 7.1.2 and 9

There are three time-line clusters of major sour¢bese that were operating at baseline but
later were retired (such as the Neal Station);s¢hibat were operating at baseline and also are
operating at current time (such as the Leland Sldsion); and those that were placed into
operation after the PSD trigger date or after t8®ninor source baseline date (such as the
Antelope Valley Station).

Each CALMET and CALPUFF input change, except so@méssion rates, affects
concentrations either as increases during bothibasend current time lines or as decreases
during both time lines. The recommended updatéspiots for some model variables has
minor effect on modeled concentrations.

11.2 Regarding sections 6, 7.2 and 7.3

Because some baseline sources ceased operationsopthie current time, because emissions
of stationary sources operating at current timed#ferent than emissions of these sources at
baseline and because locations of sources durengit time lines differ, increases in
concentrations during current time will not be effBy increases in concentrations during
baseline. Similarly, decreases will not be offset.

The time period for a current emissions inventarthie two consecutive years preceding the
date of concern, which coincides with an air qyatdibntrol permit application or a periodic
review for attainment of National Ambient Air QugliStandards or PSD increments. The
inventory of current sulfur dioxide emissions Wikely need updating so as to include 2004.

11.3 Regarding sections 3, 7.1.1 and 10

Meteorology is a critical component of modelingheTmeteorological data used for modeling
has improved in the form of the enhanced RUC2 ditajor sources in western North Dakota
are widely separated and located more than 50 kiters from PSD Class | areas. Place and
time variant meteorology across the modeling dordaiminates modeling outcome. Time
pathways of emitted sulfur dioxide exceed 24 hoespecially when wind speeds are low
which results in the highest observed concentratiorthese areas’”

Modeled concentrations reflect these circumstarmes that outcome is likely due to the
improved meteorological data. However, error acartainty in low wind speeds and
corresponding wind reversals can cause signifiear in modeled concentrations. In
retrospect, section 10.4 in the MOU Protocol ResRBkport should reflect section 7.1 of this
document.

115 See results of accuracy tests of modeled concantsatising actual emissions and hourly CEM
emissions in section 6 of report at Tab “C” of NoBlakota’'s SO2 Air Quality Modeling Report.
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Correspondence between modeled and observed coatb@m$ improves when same year
emissions and meteorological data are used. Thewed correspondence was illustrated
when modeling 2002 sulfur dioxide emissions, rathan 2000-2001 actual emissions, with
2002 enhanced RUC2 in the MOU Protocol Results Repiche enhanced RUC2 data will be
needed for 2003 and 2004 as sulfur dioxide emissioventories are updated.

11.4 Regarding sections 9 and 10

The model accuracy test results in sections 9 &mof 1his report (and in the sections 6 and 10
of MOU Protocol Results Report) are based uponmaoeitoring site in the South Unit of
TRNP. The methods for model accuracy analysis us#tese sections would also apply to
additional data from additional monitoring sitéfghiere had been additional sites of sulfur
dioxide monitors in this area. Such additionabdabuld not change the accuracy ratios for
the existing South Unit monitoring site that arsulés of these accuracy analyses.

11.5 Tracking deterioration

Section 10.2 of the MOU Protocol Results Reporfficors EPA’s statement that “. . . models
are reasonably reliable in estimating the magnitfd@ghest concentration occurring
sometime, somewhere within an area . . . Howeastnnates of concentrations that occur at a
specific time and site are poorly correlated witkual observed concentrations . *% The

poor correlation occurs because the models dodexjueately duplicate actual puff or slug
pathways between sources and monitors.

If observed sulfur dioxide concentrations and medkgical data were available during PSD
baseline years, results of a similar paired in st time analysis comparing modeled
concentrations using PSD baseline emissions anelareogy with the observed
concentrations would also confirm EPA’s statement.

EPA has preferred to model increment-affecting sioiss to track deterioratio.” This
technigue inherently time pairs modeled PSD basedimd current sulfur dioxide
concentrations at each receptor, because modealtngpresents deterioration (or
improvement) in concentrations. The MOU protocainins EPA’s methods by modeling
PSD baseline and current inventories of emittetusulioxide and then subtracting
concentrations at baseline from time paired curcencentrations at each recepfdft.
Deterioration that is enumerated by either metlsogtientifically credible only when there are
no changes in locations of sources following baselilt is not credible when there are

118 paragraph b, section 10.1.2 of Appendix W attadcbetd CFR 51.

17 An increment-affecting emission is the differenetvieen a source’s current and its baseline
emissions.

18 A difference may occur when puff or slug depletigorithms are not linear functions of amounts of
sulfur dioxide within the puffs or slugs.
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changes in locations, because the models do nquatidy duplicate puff or slug pathways
between sources and monitors.

Finally, section 10 of this document illustrateattiiarious analyses of observed and modeled
sulfur dioxide concentrations are possible. Thresayses are needed for a complete numeric
description of concentrations and deterioration.

11.6 Summary

The process of improving the application of the GMET and CALPUFF models began
during 2000 following correspondence from EPA Regian February of that yeat? Since
then, significant advancement of modeling to esténthe condition of sulfur dioxide
concentrations in the state’s PSD Class | areagt@asred.

This paper describes improvements to the Statedd8 pootocol in an MOU process meant to
achieve concurrence by EPA on a protocol suitadnl&StP administration. This paper serves
as a benchmark reference for future protocol endtrmeats.

Each additional modeling protocol since 2002 hgsmexded information on model sensitivity
and accuracy performance and often corrected pgoospon the behavior of modeled
concentrationst?® (For example, see sections 1 and 10.) This pssijve learning is
enhanced, in part, with the modeling of both th®®&seline and current sulfur dioxide
emissions inventories.

This paper also recommends enhancements or upgdate$ew model inputs. These updates
are the result of further examination of model sggprides and model codes, as well as an
additional WindLogics’ report with wind vector arations and additional sulfur dioxide
emissions data that were prepared or assembled st to the MOU protocol.

Modeling involves numerous details, and it involvesire exploration of the robust character
of the models through additional sensitivity tegtand accuracy testing as model science and
model input data improve. These tests inform mededf (1) the stability of model output
when improving inputs that adhere to best availablence as well as (2) the agreement
between modeled concentrations and actual ambomentrations.

119 | etter by Richard R. Long dated Feb. 1, 2000, ihiBx 17. See also Section 7.0 of the September 8,
2003, Order of North Dakota State Health Officerryd.. Dwelle. This order is Tab “E” of North
Dakota’'s SO2 PSD Air Quality Modeling Report.

120 sensitivity tests compare modeled outcome againsiefed outcome when changing model inputs or
model algorithms. Accuracy tests compare modal@ue to actual observations.
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Figure 1a. Surface pressure isobars (mb) and vedtals from raw RUC2 (40 km grid) data at 1400
UTC on 3 September 2002. Color bar at upper sbivs vector wind magnitude in m/s. The figure
was taken from a surface vector wind animation greg by WindLogics Inc.
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Figure 1b. Geopotential height isopleths (m) a@@d thb vector winds from raw RUC2 (40 km grid)
The figure was taken from a 900 mb vector wind ation prepared by WindLogics Inc.
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CEM sulfur dioxide data versus coal sulfur data
(years 2000 through 2003)
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Figure 2. When 100% of coal sulfur is emitted frstacks of plants,
S0O2 equals 2S. When 75% is emitted, SO2 equabsdné the
remaining 25% of S is retained in ash, which ishemjant to EPA’s

AP-42 emission factor of 30S. See Appendix E efMOU protocol.
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Table 1a. CALMET user defined and non-IWAQM control-file inputs.
Department’s Alternative Alternative
Variable Type Description 2003 protocol NWS only RUC & NWS
NUSTA integer number of upper air stations within augdrounding the 6 6 6
modeling domain — may change from year to year
1BTZ integer base time zone (7 = Mountain Standard) 7 7 7
NX integer number of grid cells in X direction 128 128 12
NY integer number of grid cells in Y direction 92 92 153
NZ integer number of vertical layers 12 12 12
DGRIDKM real horizontal/vertical size & spacing ofigicells (km) 5. 5. 3.
XORIGKM real reference LCP (Lambert Conformal Projea) X -380. -380. -380.
coordinate of southwest grid cell (km)
YORIGKM real reference LCP Y coordinate of southwgstl cell (km) 140. 140. 140.
XLATO real latitude at southwest corner of grid cell (deg.) 45.152 45.152 45.152
XLONO real longitude at southwest corner of grid dell (deg.) 106.848 106.848 106.848
ZFACE real array: | cell face heights (m) 0., 20., 40.,80., | 0., 20.,50., 90.,
NZ +1 120., 180., 260., | 140., 200., 270., same as
400., 600., 370., 500., 1000. NWS only
800., 1200., 1700., 2500., at left
2000., 4000. 4200.
LLCONF logical: if T, use LCP map coordinates and rotate winds from T T T
T =True true north to map north
XLAT1 real latitude for %' standard parallel for LCP (deg) 46.0 46.0 46.0%3
XLAT2 real latitude for 2° standard parallel for LCP (deg) 48.5 485 48.5%3
RLONO real reference longitude for LCP rotation gfimwinds 102.0 102.G 102.0%3
(deg)
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Table 1a. CALMET user defined and non-IWAQM control-file inputs.
Department’s Alternative Alternative
Variable Type Description 2003 protocol NWS only RUC & NWS
RLATO real origin latitude for LCP rotation of inputinds (deg) 44.0 44.® 44.0%3
NSSTA integer number of surface meteorological stetiwithin and 32 32 32
near the modeling domain — may change from year toj
year
NPSTA integer number of precipitation stations withimd near the 89 89 89
modeling domain — may change from year to year
IKINE integer if 0 (IWAQM default), kinematic effect@ wind field 0 0 0
option) are not computed
IEXTRP integer extrapolate surface winds to uppeetay 4 or -4 -4 -4 -4
(IWAQM default) = use similarity theory; lor -1 o
extrapolation update to —1
BIAS real array: | layer-dependent biases modifying the weights ofaser Step 1 only: Step 1 only:
one value | and upper air stations (-1. =<BIAS<=+1.): negativas -1.0, -0.9, -0.8, -1.0, -0.9, -0.7, do not apply
for each of | reduces weight given upper air data, positive bias -0.4, 0.0, 0.1, -0.4, 0.0, 0.3,
NZ layers | reduces weight given surface data, zero bias leaves 0.5,0.8, 1.0, 0.7,1.0, 1.0,
weights unchanged 1.0,1.0,1.0 1.0,1.0,1.0
IPROG integer if 0, gridded prognostic model fielchds are used; 0 (only NWS) 0 14
if 4, use MM4 as initial guess field; or &
if 14, use MM5 as initial guess field 4 (MM/NWS)
LVARY logical: if F IWAQM default), interpolation of winds at aid T F F
T =True, point does not include met station observationatied
F = False | beyond RMAX1 or RMAX2 or RMAX3
RMAX1 real max. radius of influence over land in gweface layer 300. 200. 100.
(km)
RMAX2 real max. radius of influence over land in layaloft (km) 1200. 800. 200.
RMAX3 real max. radius of influence over water (km) 050 800. 200.
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Table 1a. CALMET user defined and non-IWAQM control-file inputs.
Department’s Alternative Alternative
Variable Type Description 2003 protocol NWS only RUC & NWS
TERRAD real radius of influence of terrain featurkmj (note: slope 30. 16. (coordinated| 10. (coordinated
flow is computed when default for variable ISLOREL) with DGRIDKM) | with DGRIDKM)
R1 real in the surface layer, the distance (km) feom 40. 16.
observation station at which the wind observatiod a 10
the first guess field are equally weighted update to 46. '
update to 5
R2 real in the upper layers, applied same as R1 60. 46.
NINTR2 integer number of observational stations used in interjpahato 99 99 for each 99 for each
array each grid point — IWAQM default is NZ times 99 of NZ layers of NZ layers
update to 16
ISURFT integer surface station number used for thitasa temperature 1 12 12
for the diagnostic wind field module (note: detdor (Bismarck) (Bismarck) (Bismarck)
variable IDIOPT1 is 0)
IUPT integer upper air station number used to comthgedomain- 1 1 1
scale temperature lapse rate for the diagnostid fwatd (Bismarck) (Bismarck) (Bismarck)
module (note: default for variable IDIOPT2 is 0)
ZUPT real depth (m) through which domain scale terapee lapse 200. 200.
rate is computed (IWAQM default = 200 m)
update to 270
ZUPWND real array bottom and top of layer through eththe initial guess 1, 1, not
winds are computed (m) 2000. 2500. used
ZIMAX real maximum over land mixing height (m) 4000. Cm 4000.
ZIMAXW real maximum over water mixing height (m) 4000. 4000. 4000.
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Table 1a. CALMET user defined and non-IWAQM control-file inputs.

Department’s Alternative Alternative

Variable Type Description 2003 protocol NWS only RUC & NWS
MNMDAV integer see page 2-29 of the user’s guide;ximam search 8 6 7

distance (in grid cells, one cell = DGRIDKM) in hac

trajectory averaging of mixing heights & temperatur

(note: defaults for variables IAVEZ1 and IAVET dtp update to i update to 17
ILEVZI integer layer of winds used in upwind averagiof mixing 4 3 3

heights (no default specified in the model)
ITPROG integer switch: when 0, temperatures basesudiace and uppeqf (not available 0 2 (not available

air observations; when 2, temps taken from MM5 datg  in version 5.2) in version 5.2
footnotes:

1. The first standard parallel at 46 degreesuldd is north of, but near, the southern bordéMafth Dakota; the second standard
parallel at 48.5 is south of the northerndeorof the state; thus, providing a balanced inotusf the modeling domain.
2. The approximate center of the TRNP/power-ptagton is 47.35 degrees latitude and 102 degoeastude (the LCP map Y-axis
parallels true North at RLONO).
3. RUCZ was constructed suitable for CALMET ingest as MMiEh the center latitude at 47.35 degrees, theardongitude at
103 degrees, the first standard parallelra®4l degrees latitude and the second at 47.36 elegre

Draft Final.
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Table 1b. CALPUFF user defined and non-IWAQM contwol-file inputs.
Department’s Alternative Alternative

Variable Type Description 2003 protocol NWS only RUC & NWS
IBCOMP integer southwest X-index of computational ém 1 1 1
JBCOMP integer southwest Y-index of computational diom 1 4 6
IECOMP integer northeast X-index of computational éam 128 122 201
JECOMP integer northeast Y-index of computational diom 92 89 148
MSLUG integer if 1, near-field puffs are modeled &mngated slugs; if O 0

(IWAQM default), near-field puffs are not modelesl a for all sources

slugs
MTRANS integer if 1 (IWAQM default), transitional phoe rise modeled 1 1 1

for all sources for all sources
MTIP integer if 1 (IWAQM default), stack tip down wlasnodeled 1 1 1
for all sources for all sources

MSHEAR integer if 0 (IWAQM default), vertical wind slar above stack 0 0 0

tip not modeled in plume rise for all sources for all sources
MSPLIT integer if 1, allows puff splitting; if 0 (IVWQM default), no 1 1 1

puff splitting // set as 0 for all oil & gas pnaction (0 as noted) (0 as noted)

sources
MDISP integer if 2, horizontal and vertical dispersioefficients 2 2 2

calculated using micro meteorological variables
MPDF integer if 1, probability distribution functidior vertical 0 1 1

dispersion under convective conditions used
XLAT real reference latitude of the center of the ralidy domain 47.0 47.3 47.3

used in solar elevation angle calculations (deg)
XLONG real reference longitude of the center of thedeling domain 102. 102. 102.

(deg)
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Table 1b. CALPUFF user defined and non-IWAQM contmol-file inputs.
Department’s Alternative Alternative
Variable Type Description 2003 protocol NWS only RUC & NWS
XTZ real reference time zone of the center of the eliod domain 7. 7. 7.
LSAMP logical, if F (IWAQM default), an internally calculated ayraf F F F
F = False | gridded receptors is not used [may set to T ftecie
T =True sensitivity tests, boundaries of the array wouldude
all state Class | areas]
IVEG integer set to 2 when vegetation in unirrigaseeas is active an 1 2 2
stressed (IWAQM default = 1 when active and
unstressed)
MOz integer if 1 (IWAQM default), use hourly ozoneramentrations 1 1 1
from OZONE.DAT file
BCKO3 real default background ozone concentratiom)pp 30. 30. 30.
BCKNH3 real background ammonia concentration (ppb) 2. 2 2.
SYTDEP real horizontal size of puff (m) beyond whidbffter (1965) 550. 550!
time dependent dispersion applies (IWAQM default =
550.)
SL2PF real see also MSLUG; slug to puff transitiditecion, which 10. 10.
is sigma-y / length of slug (u dt); IWAQM defagit10.
(note: default for variable XMXLEN is 1.0 grid cs}! update to 0.2 when MSLUG =1
XSAMLEN real maximum travel distance of puff (in gnighits, one unit 0.5 0.6 1.0
equals DGRIDKM) during one sampling step
XMAXZ1 real maximum mixing height (m) 4000. 4000. 4000.
IRESPLIT integer when set to 1, allows puff splitting for those h@)irof hours 18-23 =1 hours 00—04 and hours 00-04 and
array day when nocturnal shear (e.g., low-level jet) asgu 19-23=1 19-23=1
other hours set to 0
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Table 1b. CALPUFF user defined and non-IWAQM contmol-file inputs.
Department’s Alternative Alternative
Variable Type Description 2003 protocol NWS only RUC & NWS
ZISPLIT real vertical puff splitting allowed only whdast hour’s 100. 100.
mixing height (m) exceeds this value; IWAQM detaul not coordinated with
=100. (note: default value for CALMET variable HSTAK & ZFACE
ZIMIN is 50 m)
update to 150.
ROLDMAX real vertical puff splitting allowed only wimethe ratio of last 0.25 0.33
hour’s mixing height to max. mixing height experced when coordinated with ZISPLIT,
by the puff is smaller than this value (IWAQM deltatl previous max. mix. height =or> 300 m
0.25)
NSPLIT integer see also MSPLIT, IRESPLIT, ZISPLIT, RAMAX and 3 3
section 2.2.4 of the user’s guide; number of neifsp not coordinated with
when existing puff is split IWAQM default = 3) HSTAK & ZFACE
update to ¢
BDOWN real if 0, building down wash is not modeled 0. 0 0.
SIGMAYI real initial plume (puff) sigma-y at relead®m source (m); 0. 1/4 the stack 1/4 the stack
if <1.0, CALPUFF code resets to 1.0 // omit éilr& diameter diameter
gas production sources (CALPUFF code defaults@p 1 for all sources (omit as noted) (omit as noted)
NREC integer number of non-gridded receptors 86 104 104
footnotes:
1. “Assuming PG dispersion rates under neutratlt®ns, a plume’s, [lateral dimension] will reach 550 m after approzitely 10
km of travel distance.” (User’s guide, pag29.)
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Table 2a. Calculated sulfur dioxide emission facts using 2000 and 2001 coal and emissions data.

Alternative
Calculated Energy Baseline
Company / Current Emission Research | Emission
Plant Boiler Type Parameter * Year 2000 | Year 2001 | Factors ** Lab. *** Factor
(Ib / ton) (Ib/ton) | (Ib/ton)

MDU / coal burned (tons) 111,114 102,134 2000 - 27.8

Heskett Unit 1 spreader stoker average sulfur content (%) 0.66 0.76 2001 - 26.3 27.0
sulfur dioxide emissions (tons)) 1,019 1,022 (ave. = 27.0)

MDU / coal burned (tons) 340,598 458,243 2000 - 15.8 27.0

Heskett Unit 2 fluidized-bed average sulfur content (%) 0.66 0.76 2001 -15.1 (same as
sulfur dioxide emissions (tons) 1,778 2,625 (ave. =15.4) Unit 1)

Basin Electric / coal burned (tons) 1,302,256 | 1,093,610 | 2000 - 38.1

Leland Olds Unit 1 pulverized wall-fired average sulfur content (%) 0.68 0.76 2001 -36.7 | 33.4 37.4
sulfur dioxide emissions (tons)) 16,864 15,237 (ave. = 37.4)

Basin Electric / coal burned (tons) 2,140,601 | 2,546,797 | 2000 - 38.7

Leland Olds Unit 2 cyclone average sulfur content (%) 0.69 0.67 2001 -42.5 38.7
sulfur dioxide emissions (tons) 28,587 36,219 (ave. =40.7) (yr 2000)

Minnkota / coal burned (tons) 1,434,793 | 1,590,495 | 2000 - 27.7

M.R. Young Unit 1 cyclone average sulfur content (%) 0.91 0.81 2001 -36.0 | 33.3 33.3
sulfur dioxide emissions (tons)) 18,095 23,179 (ave. = 31.8)

Great River Energy / coal burned (tons) 666,577 744,341 2000 - 35.9

Stanton Unit 1 pulverized wall-fired average sulfur content (%) 0.64 0.72 2001 - 35.2 35.5
sulfur dioxide emissions (tons) 7,660 9,424 (ave. = 35.5)

* Amounts of coal burned and average sulfur corgétitat coal taken from annual emissions inventeports. Amounts of emitted sulfur dioxide
from CEM data as archived on EPA’s Acid Rain Progdata base.
** Calculated emission factor equals sulfur dioxidessions (as measured by CEM) divided by the prbdiithe average sulfur content and the
amount of coal burned.
*** Gronhovd, G.H., et.al., May 1973, Some StudieStatk Emissions from Lignite-Fired Power Plants73Qignite Symposium, May 9-10, 173,
Grand Forks, North Dakota.
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Table 2b. Calculated sulfur dioxide emission facts using 2002 and 2003 coal and emissions data.

Calculated 2000-2003
Company / Current Emission Average
Plant Boiler Type Parameter * Year 2002 | Year 2003 | Factors ** Emission Factor
(Ib / ton) (Ib / ton)

MDU / coal burned (tons) 62,208 111,443 2002 - 25.6

Heskett Unit 1 spreader stoker average sulfur content (%) 0.78 0.69 2003 —28.2 27.1
sulfur dioxide emissions (tons) 622 1,083

MDU / coal burned (tons) 428,358 462,469 2002 - 13.1

Heskett Unit 2 fluidized-bed average sulfur content (%) 0.78 0.69 2003 - 16.6 15.1
sulfur dioxide emissions (tons) 2,189 2,649

Basin Electric / coal burned (tons) 1,267,512 | 1,413,422 | 2002 - 40.4

Leland Olds Unit 1 pulverized wall-fired average sulfur content (%) 0.65 0.65 2003 -41.6 39.2
sulfur dioxide emissions (tons)) 16,655 19,125

Basin Electric / coal burned (tons) 2,438,957 | 2,031,422 | 2002 —42.7

Leland Olds Unit 2 cyclone average sulfur content (%) 0.59 0.65 2003 - 38.8 40.8
sulfur dioxide emissions (tons) 30,744 25,598

Minnkota / coal burned (tons) 1,520,552 | 1,276,687 | 2002 - 31.5

M.R. Young Unit 1 cyclone average sulfur content (%) 0.83 0.82 2003 -34.4 32.3
sulfur dioxide emissions (tons) 19,858 18,020

Great River Energy / coal burned (tons) 808,083 679,593 2002 - 33.4

Stanton Unit 1 pulverized wall-fired average sulfur content (%) 0.66 0.64 2003 - 37.2 35.3
sulfur dioxide emissions (tons) 8,900 8,084

* Amounts of coal burned and average sulfur corgétitat coal taken from annual emissions inventeports. Amounts of emitted sulfur

dioxide from CEM data as archived on EPA’s AcidiRBrogram data base.

** Calculated emission factor equals sulfur diox&taissions (as measured by CEM) divided by theyrbdf the average sulfur content and the

amount of coal burned.
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Table 3a. Sulfur dioxide emission rates of sources operating at the time of the PSD minor source baseline date.

Draft Final.

e.i.r. =annual emissions inventory reports

Ave. per. = averaging period

an.ave. = actual emissions during operating hours

Ib/op-hr = pounds per operating hour
# = rate based on source specific emission factor (Appendix E)
+ =rate based on annual heatinput and permit allowed rate of 1.2 lbSO2/mBtu

Baseline 2003 MOU
Source Unit Basis period Ave. per. Protocol Protocol Units
Beulah Power Plant 1&2 e..r. 76-77 an.ave. 137.1 127.0 Ib/op-hr #
3,4&5 e..r. 76 -77 an.ave. 224.6 203.6 Ib/op-hr #
_OE’ X Neal Station 1&2 e.r. 76-77 an.ave. 354.6 364.6 Ib/op-hr #
E .Ej Royal Oak Briquetting Boilers 1,2 & 3 e.ir. 78-79 an.ave. 172.1 220.8 Ib/op-hr
S g Plant Carbonizer Furnaces e.r. 78-79 an.ave. 1,542.0 1,124.8 Ib/op-hr #
@ E Williston Refinery Al units e.ir. 76 an.ave. 51.7 51.7 Ib/op-hr
= g Preflash Heater 76 an.ave. 7.1 7.1 Ib/op-hr
o] Crude Heater 76 an.ave. 7.7 7.7 Ib/op-hr
Eﬁ .é Thermal Cr. Heater 76 an.ave. 0.3 0.3 Ib/op-hr
fg)- % Charge Heater 76 an.ave. 0.1 0.1 Ib/op-hr
§ -% Reformer Heater 76 an.ave. 0.5 0.5 Ib/op-hr
55 Boiler 1 76 an.ave. 10.5 10.5 Ib/op-hr
L?) & Boiler 2 76 an.ave. 105 105 Ib/op-hr
Boiler 3 76 an.ave. 15.0 15.0 Ib/op-hr
R.M. Heskett Station 1 e..r. 76-77 an.ave. 466.0 415.8 Ib/op-hr #
2 e.ir. 76-77 an.ave. 1,087.2 969.9 Ib/op-hr #
‘E - Leland Olds Station 1 e..r. 77-78 an.ave. 3,990.1 3,609.8 Ib/op-hr #
E § 2 e.r. 77-78 an.ave. 8,106.2 7,312.4 Ib/op-hr #
-8 E M.R. Young Station 1 e.r. 78-79 an.ave. 4,959.9 4,357.0 Ib/op-hr #
(% 2 2 e.r. 78-79 an.ave. 4.905.6 4,726.5 Ib/op-hr +
% é Stanton Station 1 e..r. 78-79 an.ave. 2,487.5 2,271.3 Ib/op-hr #
o2 Tioga Gas Plant SRU Incinerator e.ir. 77 an.ave. 1,107.1 1,107.1 Ib/op-hr
E E Lignite Gas Plant SRU Incinerator e..r. 76-77 an.ave. 285.8 285.8 Ib/op-hr
qé- qg)- Mandan Refinery Boilers 1,2 & 3 e..r. 76-77 an.ave. 1,172.7 622.6 Ib/op-hr
L9 . Crude Furnace e.ir. 76-77 an.ave. with boilers 550.1 Ib/op-hr
SS8 FCCU eir. 76-77 an.ave. 113538 11358 | Iblop-hr
(?) g 8 Alkylation Unit e.ir. 76-77 an.ave. 160.3 160.3 Ib/op-hr
Ultraformer Furnaces e..r. 76-77 an.ave. 15.3 153 Ib/op-hr
Total all rates = 32,413.3 29,683.9
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Table 3b. Sulfur dioxide emission rates (Ib/op-hr) of sources for years 2000, 2001, 2002 and 2003;
and actual emissions (Ib/op-hr) of the sources for 2000--2001 and 2002--2003.

2003 MOU Protocol Updated rates
Source Unit Basis Protocol 2000 2001 00-01 # 2002 2003 02-03 # fn
R.M. Heskett Station 1 e.i.r, CEM 248.0 246.8 249.2 248.0 220.1 256.4 241.8
= 2 e.ir, CEM 612.7 584.6 634.4 612.7 536.3 669.7 602.0
'_§ Leland Olds Station 1 e.i.r., CEM 4,179.2 4,088.2 4,292.1 4,179.2 3,948.6 4,457.5 3,833.0 fn 3
o 2 e.i.r, CEM 8,566.0 8,293.3 8,808.1 8,145.1 7,721.7 7,866.6 7,379.7 fn 3
8 '% M.R. Young Station 1 e.ir, CEM 5,161.4 4,806.7 5,479.0 5,161.4 4,782.8 4,831.7 4,805.9
f‘; @ 2 e.i.r., CEM 4,353.2 5,033.0 3,521.7 4,353.2 2,131.2 2,450.5 2,291.2
g §' Stanton Station 1&10 e.i.r, CEM 2,389.8 2,314.5 2,416.7 2,389.8 2,254.6 2,566.1 2,4435
-% % ) Tioga Gas Plant SRU Incinerator CEM 300.6 295.9 305.2 300.6 350.2 296.2 322.6
S5 3 Lignite Gas Plant SRU Incinerator CEM 0.0 105.6 ditto 105.6 0.0 0.0 0.0 fnl
88 % Mandan Refinery Boilers + Crude Furnace e.ir. 133.0 227.9 37.1 133.0 52.1 81.2 66.1
g é’ ; FCCU e.ir. 1,026.9 970.5 1,084.5 1,026.9 913.9 1,033.9 971.0
‘g % g Alkylation Unit e.ir. 7.7 7.3 8.1 7.7 10.1 8.6 9.4
n 83 Ultraformer Furnaces e.r. 159 15.1 17.2 15.9 131 14.2 136
SRU Incinerator e..r. 453 421 48.4 453 58.6 60.2 594
Coal Creek Station 1 CEM 3,368.1 3,319.1 3,423.4 3,368.1 3,034.0 3,223.0 3,132.7
e 2 CEM 2,972.8 3,041.2 2,910.6 2,972.8 2,888.0 3,142.8 3,015.0
% Antelope Valley Station 1 CEM 1,590.8 1,597.5 1,585.5 1,590.8 1,744.9 1,770.3 1,758.2
8 ; 2 CEM 1,496.0 1,503.8 1,488.7 1,496.0 1,709.1 1,786.9 1,748.1
o c Coyote Station 1 CEM 3,955.4 3,906.6 4,025.5 3,955.4 3,475.5 3,643.1 3,653.7
}':_J 3 Grasslands Gas Plant SRU Incinerator CEM 0.0 1134 ditto 1134 0.0 0.0 0.0 fn 2
_‘g _E’ Little Knife Gas Plant SRU Incinerator CEM 80.1 82.1 77.9 80.1 63.0 70.7 66.8
g ] Great Plains Synfuels Main stack CEM 1,094.4 1,247.0 941.8 1,094.4 826.1 751.6 788.6
g S Start-up flare allowable 119.0 119.0 119.0 119.0 21.8 11.0 16.2
2 8 Main flare e.ir. 184.0 177.3 190.6 184.0 96.5 236.3 166.4
3 & Back-up flare allowable 78.0 78.0 78.0 78.0 26.6 109.7 34.8
g é’ - Red Trail Energy Boiler stack allowable na construction site dirt work initiated fall 2004 2.83
‘g % .% PPL Corp Colstrip 3 CEM 742.9 742.9 742.9 742.9 769.4 776.2 773.4
n aa 4 CEM 719.0 719.0 719.0 719.0 744.3 759.0 751.0
CELP Colstrip CEM 419.8 419.8 419.8 419.8 302.9 302.9 302.9
Total all rates = 43,860.1 44,098.2 43,6244 |43,658.2 38,6954 41,176.3 39,1498
Ib/op-hr = pounds per operating hour fnl = began injecting sour gas during August 2002
e.i.r. =annual emissions inventory reports fn2 = began injecting sour gas during March 2002
# = actual emissions per rule definition fn3 = see Appendix E of the MOU protocol
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Figure 4a. PSD baseline-period source locations and stack operating data.

Stack Base Stack Exit Exit

Longitude Latitude height | elevation |diameter velocity temp.

Source Unit (degrees) | (degrees) (m) (m) (m) (m/s) (deg. K)
Beulah Power Plant 1&2 -101.77088 47.26346 23.0 567.0 1.7 7.6 477.0
3,4&5 -101.77088 47.26346 30.5 567.0 2.1 14.6 527.0

Neal Station 1&2 -100.88236 | 48.02377 424 488.0 1.8 25.0 470.0
Royal Oak Briquetting Boilers 1,2 & 3 -102.70032 46.85862 19.2 751.0 14 9.8 520.0
Plant Carbonizer Furnaces -102.69941 46.86010 26.2 751.0 34 9.4 1,172.0
Williston Refinery Heaters + boiler 2 -103.58690 48.14555 17.3 575.0 0.9 3.2 700.0
Boiler 1 -103.58690 48.14555 30.2 575.0 1.2 34 464.0

Boiler 3 -103.58690 | 48.14555 9.1 575.0 0.8 6.3 464.0

R.M. Heskett Station 1 -100.88383 46.86719 914 514.8 2.2 20.7 461.7
2 -100.88350 46.86641 914 514.8 3.7 17.4 419.7

Leland Olds Station 1 -101.32125 47.28140 106.7 518.3 53 19.7 450.0
2 -101.31991 47.28080 152.4 518.3 6.7 25.0 448.6

M.R. Young Station 1 -101.21445 47.06700 914 597.4 5.8 18.5 449.1
2 -101.21470 47.06625 167.6 597.4 7.6 19.2 361.8

Stanton Station 1 -101.33205 47.28650 7.7 518.3 4.6 19.9 411.1
Tioga Gas Plant SRU Incinerator -102.91625 | 48.39835 305 686.0 1.7 7.7 782.0
Lignite Gas Plant SRU Incinerator -102.54183 48.87317 38.1 598.0 04 19.9 893.0
Mandan Refinery Boilers 1,2 &3 100.87838 46.85124 31.8 518.3 1.7 125 424.7
FCU + Crude Furnace -100.88038 46.85198 60.7 518.3 3.4 9.9 547.0

Alkylation Unit -100.87780 | 46.85614 53.0 518.3 2.0 6.1 447.0

Ultraformer Furnaces -100.87783 46.85328 29.1 518.3 1.3 5.9 530.8
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Figure 4b. PSD current-period souce locations and stack operating data.

Stack Base Stack Exit Exit

Longitude Latitude height  elevation diameter velocity temp.

Source Unit (degrees) | (degrees) (m) (m) (m) (m/s) (deg. K)
R.M. Heskett Station 1 -100.88383 46.86719 914 514.8 2.2 20.7 461.7
2 -100.88350 46.86641 914 514.8 3.7 17.4 419.7

Leland Olds Station 1 -101.32125 47.28140 106.7 518.3 53 19.7 450.0
2 -101.31991 | 47.28080 152.4 518.3 6.7 25.0 448.6

M.R. Young Station 1 -101.21445 47.06700 914 597.4 5.8 18.5 449.1
2 -101.21470 47.06625 167.6 597.4 7.6 19.2 361.8

Stanton Station 1&10 -101.33205 47.28650 7.7 518.3 4.6 19.9 411.1
Tioga Gas Plant SRU Incinerator -102.91625 48.39835 50.3 686.0 0.9 7.7 782.0
Mandan Refinery Boilers 1,2 &3 100.87838 46.85124 31.8 518.3 1.7 12.5 424.7
FCCU + Crude Furnace -100.88038 46.85198 60.7 518.3 34 9.9 547.0

Alkylation Unit -100.87780 46.85614 53.0 518.3 2.0 6.1 447.0

Ultraformer Furnaces -100.87783 46.85328 29.1 518.3 1.3 5.9 530.8

SRU Incinerator -100.87766 46.85201 60.8 518.3 0.6 5.7 589.0

Coal Creek Station 1 -101.15782 47.37854 201.0 602.0 6.7 25.9 358.5
2 -101.15642 47.37858 201.0 602.0 6.7 24.9 354.5

Antelop Valley Station 1 -101.83534 47.37004 182.9 588.3 7.0 19.0 358.2
2 -101.83556 | 47.37096 182.9 588.3 7.0 19.1 356.7

Coyote Station 1 -101.81480 47.22105 152.0 556.9 6.4 254 370.7
Little Knife Gas Plant SRU Incinerator -103.09806 47.29667 59.5 780.5 1.8 15 744.7
Great Plains Synfuels Main stack -101.84050 47.36160 119.8 588.3 7.0 12.1 357.1
Start-up flare -101.83886 47.36420 68.6 588.3 0.5 98.4 1,000.0

Main flare -101.83581 | 47.35576 76.2 588.3 1.0 100.5 1,000.0

Back-up flare -101.83900 | 47.36370 30.5 588.3 0.5 102.1 1,000.0

Red Trail Energy Boiler stack -102.30 46.88 39.6 753.7 2.4 11.7 579.6
PPL Corp Colstrip 3 -106.6239 45.8842 210.9 988.7 7.3 26.9 361.3
4 -106.6236 45.8842 210.9 988.7 7.3 27.6 362.7

CELP Colstrip -106.6545 45.9748 61.0 945.1 25 22.6 433.2
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Table 5. Observed and modeled 24-hour concentrations at the site of the monitor in the South Unit of TRNP.
(Units for concentrations are ug/m3. Abackground concentration of 1.5 ug/m3 has been added to modeled concentrations.

Select modified

MOU protocol (1) input values (1) MOU protocol (2)

Rank Observed Pred+1.5 P/O Pred+1.5 P/O Pred+1.5 P/O
1 12.44 17.22 1.38 17.74 1.43 16.70 1.34

2 8.30 16.37 1.97 16.77 2.02 15.65 1.89

3 7.97 11.61 1.46 12.60 1.58 11.50 1.44

4 7.31 10.57 1.45 10.38 142 10.44 1.43

5 6.99 10.23 1.46 9.96 1.42 10.17 1.45

6 6.88 9.63 1.40 9.93 1.44 9.77 1.42

7 6.44 9.25 1.44 9.03 1.40 9.48 1.47

8 6.22 9.01 1.45 9.02 1.45 8.94 1.44

9 6.22 8.60 1.38 8.69 1.40 8.55 1.37

10 5.89 8.56 1.45 8.14 1.38 8.48 1.44
11 5.79 8.38 1.45 7.98 1.38 8.31 1.44
12 5.68 7.36 1.30 7.24 1.27 7.09 1.25
13 5.68 7.10 1.25 6.95 1.22 7.04 1.24
14 5.46 6.45 1.18 6.39 1.17 6.39 1.17
15 5.46 6.26 1.15 6.29 1.15 6.18 1.13
16 5.46 5.90 1.08 5.86 1.07 5.85 1.07
17 5.46 5.85 1.07 5.83 1.07 5.74 1.05
18 5.46 5.78 1.06 5.63 1.03 5.68 1.04
19 5.35 5.56 1.04 5.48 1.02 5.52 1.03
20 5.24 5.48 1.05 5.46 1.04 551 1.05
21 5.24 5.45 1.04 5.42 1.03 5.49 1.05
22 5.24 5.30 1.01 5.35 1.02 5.35 1.02
23 5.13 5.09 0.99 5.21 1.02 5.08 0.99
24 5.13 5.08 0.99 5.07 0.99 5.03 0.98
25 5.13 5.06 0.99 4.96 0.97 4.85 0.95
average 1.26 1.26 1.25

(1) = CALMET version 5.2 and CALPUFF version 5.4. (2) = CALMET version 5.5 and CALPUFF version 5.7.
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Table 6. Observed and modeled 24-hour sulfur dioxide concentrations at the site of the monitor in the South Unit of TRNP.

(Units for concentrations are ug/m3. Abackground concentration of 1.5 ug/m3 has been added to modeled concentrations.

After omission of the highest (rank of 1), the next
eighteen are 5% of the 365 days during the year.
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18-day mean

Year 2000 RUC2d

Year 2001 RUC2d

Year 2002 RUC2d

2000-01 actual baseline 2000-01 actual baseline 2002-03 actual baseline
emissions emissions emissions emissions emissions emissions
Observed Pred+1.5| Pred+1.5 Observed Pred+1.5| Pred+1.5 Observed Pred+1.5| Pred+1.5
9.72 13.17 10.54 10.37 9.23 7.19 12.44 17.83 14.78
9.39 9.46 8.68 8.81 8.87 6.95 8.30 16.97 14.77
7.42 9.41 8.55 8.62 7.80 6.92 7.97 12.07 10.75
6.55 9.20 8.04 8.41 7.67 6.67 7.31 10.95 10.03
6.11 9.13 7.63 7.38 7.28 5.87 6.99 10.65 9.32
5.95 9.04 7.52 6.55 6.98 5.82 6.88 10.02 8.79
5.79 8.62 6.60 5.79 6.70 5.72 6.44 9.56 8.59
5.68 8.37 6.49 5.79 5.58 5.71 6.22 9.32 7.86
5.57 7.78 6.42 5.60 5.54 5.65 6.22 8.90 7.65
5.57 7.38 6.38 5.46 5.49 5.19 5.89 8.88 7.56
5.35 6.74 6.26 5.35 4.84 5.17 5.79 8.68 7.01
5.24 6.21 6.19 5.24 476 4.93 5.68 7.58 6.89
5.13 5.79 6.04 5.02 453 4.80 5.68 7.29 6.49
4.80 5.42 5.97 491 4.44 4.62 5.46 6.68 6.16
4.69 5.38 5.95 4.88 4.41 4,58 5.46 6.48 6.02
4.59 5.06 5.88 4.80 4.23 4.57 5.46 6.06 5.87
4.59 4.83 5.54 4.80 4.14 4.52 5.46 6.03 5.87
4.59 4.75 5.32 4.59 4.13 4.25 5.46 5.96 5.81
4.59 4.68 5.21 4.48 4.00 4.24 5.35 5.72 5.67
4.48 4.65 4.99 4.37 3.92 4.07 5.24 5.65 5.42
4.26 4.57 4.96 4.37 3.89 3.99 5.24 5.59 5.34
4.26 4.32 4.75 4.37 3.86 3.91 5.24 5.43 5.34
4.26 4.26 4.72 4.15 3.85 3.79 5.13 5.23 5.32
4.15 4.12 4.69 4.15 3.83 3.76 5.13 5.23 5.15
4.04 4.09 4.45 4.04 3.80 3.75 5.13 5.21 5.14
5.64 7.07 6.59 5.92 5.63 5.34 6.22 8.77 7.84
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